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CUTLER’-HAMMER 


Choice of the Leaders — motor 


MOTOR “CONTROL 


HILL OPPOSED SPINDLE DRILL 
BUILT BY WALTER P. HILL, INC. 
CUTLER-HAMMER MOTOR CON- 
TROL FURNISHED AS STAND- 
ARD ORIGINAL EQUIPMENT. 








HOBBS AUTOTRONIC DIE 
PRESSES BUILT BY HOBBS MAN- 
UFACTURING CO. CUTLER- 
HAMMER MOTOR CONTROL IS 
FURNISHED AS STANDARD 
ORIGINAL EQUIPMENT. 


BELTEMP ICEMAKERS FOR SKAT- 
ING RINK BUILT BY BELTZ ENGi- 
NEERING LABORATORIES. 
CUTLER-HAMMER CONTROL IS 
FURNISHED AS STANDARD 
EQUIPMENT. 


FITCHBURG 18 STATION 
TRANSFER TYPE BORING 
MACHINE BUILT BY FITCH- 
BURG ENGINEERING COR- 
PORATION. CONTROL USES 
CUTLER-HAMMER COMPO- 
NENTS. 


Fé CUTLER HAMMER 


= MOTOR CONTROL == 


——— Oe 


The continued commercial success of a product is 
never an accident but follows as day follows night 
upon unceasing vigilance that ever matches prod- 
uct with need. And just as such scrupulous concern 
for the purchaser’s satisfaction is never relaxed 
during manufacturing procedures . . . so it is in- 
tensified when the manufacturer purchases com- 
ponents for his product. To do less is to substitute 
chance for certitude. Thus, machinery manufac- 
turers on their way up or at the top never risk ma- 
chine performance on untested motor control. The 


majority of them insist on Cutler-Hammer Motor 
Control. They know where Cutler-Hammer Control 
has stood during the past 60 years. They know that 
nothing is more disastrous than the failure «f any 
part, that nothing succeeds like success, that 70 
control has been more successful than C utler- 
Hammer Control ... your safe selection for a”) 
need. CUTLER-HAMMER, Inc., 1310 St. Paul 
Avenue, Milwaukee 1, Wisconsin. Associate: Ca- 
nadian Cutler-Hammer, Ltd., Toronto, Ontario. 
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Sterility at the Grass Roots? 


Where does professionalism begin? 


By William G. Hyzer 
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Scanning the Field for Ideas 
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Analeg Approach By David A. Lieberman 


A simplified method of attack for design problems involving complex or non- 
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Penton Building, Cleveland 13, Ohio 
Main 1-8260 
Le 7 BUSINESS STAFF 


ROBERT L. HARTFORD 
Business Manager 


Plain Talk like the pump, since the arrow- Advertising 


a . heads look better. So a pump it ae tO .. 60 Eost 42nd St. 
Bad writing seems to be a high- i. 1¢ you want to see the article Russell H. Smith, Alan C. Bugbee 


ly developed art with some engi- 2. 3 249 James A. Stangarone 
y P that generated the basic idea, it’s rene un 9.2500 


neers. An engineering editor runs : : 
the one on rotating hydraulic de- 

across all kinds—the sentences that : » Cleveland 13 enckaistal Penton Bldg. 
vices, Page 180. Jack W. Walton 

run on and on and on—the poorly Mein 1-8260 

organized report with its vital mes- i ie an ancQQh Wiebdapen Cel 

sage buried in one tiny paragraph Mathematical Mischief Harold B. Veith 


—the article that explains a very s : 4 - . Woodward 3-3488 
minor point in flowery technical ometimes a reader will sugges Chicago, III. ..520 North Michigan Ave 


: that the mathematical expressions Howard H. Dreyer, Robert Z. Chew 
grandeur. The best advice anyone 
can give on “how to ier js im our articles should be translated Whitehall 4-1234 
quoted by Air Force Major Edward into “plain English.” Now comes Los Angeles 48 ......6262 Commodore Sloat Dr. 


. 2 . F. J. Fuller 
Holder, in somewhat backward M. S. Corrington, in Proceedings of Webster 1-4088 
fashion: Engineers “should eschew 


the IRE, proposing to replace plain ne — 
verbose and esoteric philosophical Setter 1-0868 


English with mathematics: F. J. Fuller, Robert W. Walker Co. 
multiplicities and sedulously avoid d (cabin) - bi Griffin, Ge. ....331 South Twelfth St. 
tautological profundities in com- ee +e Fred J. Allen 
munications of vital import.” In = houseboat Ce cae 
other words, “use plain talk.” London, $.W.1 ..2 Caxton St., Westminster 


d (Hi Ho) = HidHo + Hod Hi 
Mary L. Callahan 


Advertising Service Manager 


They Say... We don’t see much future for this 
sort of translation. And we most ea 
definitely disapprove of recent at- Production Manager 
tempts to reduce feminine pulchri- 
tude to a mathematicai formula. Research & Promotion 
Mechanical engineering students at a ee en 
Washington University in St. Louis George J. Auner, Statistician 
This Month's Cover did just that in selecting the Virginia R. Homad, Staff Assistant 


, = f “Queen of Steam” for their annual 
In case you're not familiar with dance. Here it is: Circulation 


the gadget on the cover, it’s an ee 
axial-piston pump. Actually, the ( D 1 ) Amy Lomberdo, Directory & List Dept 
unit could be either a pump or a eres gs 


motor, depending on which direc- Published by 
tion it rotates. But George Farns- where A = appeal (bust/waist), THE PENTON PUBLISHING COMPANY 
worth, our cover artist, seemed to in./in. ; B = bulk (height/weight), ©, Gi TE .nccscscess President and a 
s ° a * 48 * R. C. JAENKE ......Executive Vice Presiden 
in./Ib; D= depreciation (age/hip F. G. STEINEBACH ....Vice President and Secy. 
size), years/in.; and S = shoe F. ©. RICE ...................Wiew President 
size. By this formula Gina Lolo- J. P. LIPKA .... Asst. Secy. and Asst. Treas. 
brigida comes out 2.115. We pre- 
Also Publisher of 


fer the actual figure. STEEL, FOUNDRY, NEW EQUIPMENT DIGEST. 
AUTOMATION 


“A technical editor must be well 
versed in all phrases of engineer- 
ing’ —R. C. Ropcers, assistant 
editor. 


Published on the seventh of each month. Sub- 
scription in the United States, possessions, ond 
Canada: One year $10. Single copies, {'.00. 
Other countries one year, $20. Copyright 1955 
by The Penton Publishing Company. Accepted 
as Controlled Circulation publication at Cleve 
land, Ohio. 
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INDEX 


Advertising and editorial content itemized for con- 
venience when studying specific design problems 





a 


Accumulators, hydraulic, Adv. 112 
pneumatic, Adv. 112 


Adhesives, Edit. 256; Adv. 6 


Adhesives in airplane fabrication, 
Edit. 43 

Aluminum and alloys, Adv, 135, 291, 
339, 378 

Aluminum bearings, Edit. 189 

Aluminum coating protects steel, 
Edit. 28 


Amplifiers, magnetic, Edit. 292 
Analog approach simplifies design 
problems, Edit. 162 


Analog computers, electronic, Edit. 
218 


Automobiles, 1955, Edit. 14 


Balls, Adv. 28, 50, 371 
Bearings, ball, Adv. 11, 119, 127, 231, 
251, 261, 371 
needle, Adv. 20 
rod-end, Adv. 128, 359 
roller, Adv. 92, 231, 247, 261, 267, 
back cover 
sleeve, Edit. 189, 234, 240, 260; Adv. 
17, 26, 54, 221, 251, 287 
Bellows, Adv. 36, 58, 142 
Belts, conveyor, Adv. 297 
transmission, Adv. 5, 22, 95, 146, 
254, 325, 334 
Bimetals, Adv, 307 
Blowers, Edit. 246 
Books, Edit. 304; Adv. 337, 351 
Brake shoes, railroad, made of com- 
position, Edit. 24 
Brakes, Adv. 122, 130, 373 
Brush holders, Adv. 366 
Brushes, commutator, Adv. 44 
Bushings, Edit. 234; Adv. 26, 54, 86 
ball, Adv. 240 
pilot bearing, Adv. 361 


Cc 


Cam, Plastic, in appliance timer, Edit. 
160 
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Cam followers, Adv. 247 
Camera, high speed, Adv. 253 
oscilloscope, Edit. 300 
Caps, Adv. 365 
Carbon and graphite parts, Adv. 279 
Castings, die, Adv. 77, 88, 318 
investment, Adv. 75, 362, 377 
iron, Adv. 73, 257 
light alloy, Adv. 300 
non-ferrous, Edit. 278 
steel, Adv. 228 
Chain, conveyor, Adv. 91, 132 
transmission, Adv. 91, 93, 132, 136, 
251, 302 
Chucking machine has independent 
slides, Edit. 178 
Clamps, Adv. 367 
Classified ads, Adv, 249, 370 
Clutch, friction, provides backlash 
takeup, Edit. 320 
two-way overrunning, Edit. 326 
Clutches, Adv. 122, 130, 304, 317, 366 
Coatings (see also finishes) 
Coatings, protective, Edit. 28; Adv. 
322, 371 
Column design, Edit. 211 
Compressors, Adv. 125 
Computer components, Adv. 110 
Computer gives graph of solutions, 
Edit. 36 
Computers, electronic analog, Edit. 
218 
Conduit, galvanized-thread, Edit. 283 
wiring, Adv, 67 
Connectors, electric, Adv. 312, 330 
Contacts, Adv. 264 
Control systems, hydraulic, Adv. 333 
Controls, automatic, Adv. 40 
electric, Adv. inside front cover, 
254, 264, 366 
cable, Adv. 362 
mechanical, Adv. 362 
Copper and alloys, Adv. 13, 378 
Cord sets, Adv, 358 
Corrosion-resistant alloys, Adv. 138 
Counters, Adv. 82 
Couplings, fluid, magnetic, Edit, 323 
shaft, Edit. 238; Adv. 27, 132, 251, 
327, 376 


(Concluded on Page 10) 


Cylinders, hydraulic, Adv. 55, 87, 145, 
341, 367 
pneumatic, Edit. 238; Adv. 55, 65, 
87, 145, 367 


D 


Diaphragms, Edit. 283; Adv. 2 
Drafting equipment, Edit. 294, 302; 
Adv. 107, 273, 358, 363, 371 


Drives, adjustable speed, Adv. 40, 
125, inside back cover 


Engines, Adv. 241, 263, 323 
internal combustion, Edit, 167 
Etching process makes “stampings,” 
Edit. 26 
Extrusion, Adv. 291, 378 


ia 


Facilities, general, Adv. 313 
Fasteners, blind, Adv. 74 
bolts, nuts, screws, Edit. 234, 238, 
273; Adv. 63, 101, 237, 243, 278, 
315, 326, 335, 336, 345, 350, 363, 
364, 371 
insert, Adv. 101, 278, 345 
locking, Adv. 360, 364 
pin, Edit. 276; Adv. 360, 368 
retaining rings, Adv. 347 
rivet, Adv. 74 
Felt, Adv. 225, 276 
Filters, Adv. 283 
radio-frequency, Adv. 42 
Finishes, protective, Adv. 331 
Fittings, pipe, tube and hose, Edit. 
266; Adv. 36, 96, 144, 375 
Forging, Adv. 68, 100 
Friction materials, Adv. 324 


G 


Gages, pressure, etc., (see also instru- 
ments), Adv. 23 

Gaskets, Edit. 244; Adv, 104, 281, 325 

Gearing, precision, Edit. 200 






This Stemco thermostat costs 
only 46¢ and does the job better... 


If thermostatic contro! costs have you tied in knots, you'll be interested in th 
cutting case history. 
Parts shown at the left were used to control temperature in a well-known wall 


Worked reasonably well, too. But, the 31 manufacturing and 4 plating operatic 
approximately $2.37 per set; assembly and calibration added another $2.65. 


Stevens engineers analyzed the product, suggested using the compact Stemc: 
thermostat--which costs only 46¢ and mounts with a single rivet. 





And there are other advantages to using Stemco thermostats: you don’t tie up 
in inventory, tooling, or special production equipment. If temperature contr 
problem, contact Stevens for the answer. 


STEVENS manufacturing company, inc. 


Lexington and Mansfield, Ohio 


THERMOSTATS 


Stevens makes thermostats used in leading makes of: 

Roasters « Fry Kettles * Vaporizers + Flat Irons « Butter Warmers’ 
Refrigerators * Water Tanks + Waffle Irons * Percolators » Steam Irons* 
Sterilizers + Rectifier Fans + Electronic and Avionic Devices. 





_. 


Wire wm wy © ao a 


Q 



















din th 


wn wall 
yperatio 
65. 


Stemco 


t tie up 
contro 


rmers’ 


j 
j 


@ Oilgearducers are new integral output 
drive units combining Oilgear Fluid Power axial 
piston motors and Falk All-Steel Reducers. There 
are horizontal and vertical models, concentric 
and right angle types and single, double, triple 
and quadruple reduction. Now, for the first time 
you can get a complete, easy to install, ‘““ANY- 
SPEED” output unit for your high torque, low 
maximum speed drives. When used in combina- 
tion with Oilgear Fluid Power Pumps, these re- 
versible Oilgearducers provide infinite variabil- 
ity of speed, absolutely controlled rate of acceler- 
ation and deceleration, smooth and swift reversal, 
cushioned braking. All these together with major 
economies in motor, circuitry and power require- 
ments. This new Oilgearducer ‘‘Any-Speed” out- 
put unit is available in sizes from 1 to 20 h.p. It 
is unequalled for applications as diverse as can- 
filling, paper machines, centrifugals, cable wrap- 
pers... and in automation or feed back appli- 
cations where synchronization is an absolute 
necessity. Write now for new bulletin 56610. THE 
OILGEAR COMPANY, 1568 West Pierce Street, 


Milwaukee 4, Wisconsin. 


sna 
OILGEAR 


PIONEERS...MNOW THREE PLANTS 
FOR FLUID POWER 


PUMPS, MOTORS, TRANSMISSIONS, CYLINDERS & VALVES 






, | 4a compact, packaged, 
* €@ 





HOW! NEW OILGEARDUCERS 






Offering 
for the first time 


fluid power output 






drive units! 

























Ollgeorducers with angle output shafts are 
available in ratios ranging from 5 to 1500: 1. In 
assemblies shown below. 


ach 












I N D - X (Concluded from Page 7) 





Gears, Adv. 25, 30, 32, 52, 245, 251, 
290, 301, 312, 344 


Generators, electric, Adv. 376 


H 


Handles, Adv. 361 

Heaters, Adv. 26, 369 

Heat exchangers, Adv. 131 

Heat resistant alloys, Adv. 138 

Hose, metallic, Adv. 36, 37, 103 

Hydraulic devices, rotating, Edit. 180 

Hydraulic equipment 
type) 


(see specific 


i, J, b 


Inspection, Edit. 333; Adv. 76, 358 

Instruments, Edit. 240, 287, 323; Adv. 
23, 266, 316, 362, 374 

Jacks, worm gear, Adv. 59 

Lift truck, improved design, Edit. 
210 

Linkages, four-bar, designing, Edit. 
195 

Lubrication equipment, Adv. 235, 268, 
294, 372 


M 


Magnesium airplane, Edit. 48 
Magnetic amplifiers, Edit. 292 
Magnets, Adv. 373 
Management engineering, Adv. 110 
Meetings, Edit, 49 
Metal, porous, cools jet parts, Edit. 
45 
Metal-plastic 
Adv. 53 
Metals (see specific type) 
Metals, Adv. 120, 227, 368 
Metalworking, Edit. 328 
Meters, panel, Edit. 287 
Motors, electric: 
brakemotors, Adv. 306, 310 
fractional and integral hp, Edit. 
215; Adv. 35, 60, 78, 83, 85, 133, 
242, 254, 277, 286, 298, 310, 321, 
376 
gearmotors, Edit. 290; Adv. 69, 81, 
251, 277, 310, 360, 361, inside 
back cover 
subfractional, Edit. 236, 253, 260; 
Adv. 81, 85, 277 
Motors, hydraulic, Edit. 256; Adv. 9, 
38, 39, 233 
induction, selecting, Edit. 215 


laminate, Edit. 280; 


Mounting, vibration and shock, Adv. 
80, 90, 244 


N, O, P 


Nameplates, Adv. 359 

Oscilloscope camera, Edit. 300 

Packings, Edit. 258; Adv. 104, 137, 
288, 292, 311, 320, 325 

Photography, high-speed, in product 
development, Edit. 150 

Pipe, Edit, 273; Adv. 223 

Plastics, Edit. 244; Adv. 51, 71, 348 

Plastics molding, Edit. 250 

Plugs, Adv. 365 

Potentiometers, Edit. 249; Adv. 374 

Powder metallurgy, Adv. 17, 45, 272 

Press, improved design, Edit. 194 

Processing, Edit. 330 

Pulleys (see also sheaves), Adv. 305 

Pump, sealed, built into motor, Edit. 
21 

Pumps, Edit. 238, 276, 284; Adv. 30, 
89, 125, 148, 256, 318, 343, 355, 
365, 369 

hydraulic, Edit. 246; Adv. 66, 94, 

349 


Reducers, speed, Edit. 236; Adv. 48, 
52, 108, 129, 2&1, 258, 344, 360 

Relay, time delay, Edit. 159 

Relays, Edit. 263, 268; Adv. 116, 121, 
147, 264, 293 


Resistors, Adv. 105, 147 
Rheostats, Adv. 106, 147 


Rotor, traversing, improves drill per- 
formance, Edit. 160 


Rubber, Adv. 5, 225, 353 


Ss 


Sandwich structures, all-metal, Edit. 
220 


Seals, Edit. 258, 268; Adv. 2, 97, 281, 
285, 311, 353 
mechanical, Adv. 2, 19, 57, 338 


Seaplane, four-jet, to be tested, Edit. 
12 


Servos, Edit. 290; Adv. 85 
Shafts, flexible, Adv. 29, 367 


Sheaves (see also pulleys), Adv. 254, 
305, 334, 365 


Shims, Adv. 49 
Silicones, Adv. 319 


Small precision parts, Adv. 332 

Solenoids, Edit. 234 

Spindles, Adv. 284 

Springs, Adv. 274, 369 

Sprockets, Adv. 91, 93, 132, 136, 251 
302 

Stamping, Adv. 62 

Starters, motor, Adv. 115, 139, 254, 
264, 366 

Steel, Adv. 46, 102, 111, 113, 143, 357 

Steel, stainless, Adv. 109, 114 

Switches, Edit. 236, 249, 250, 280, 284, 
320; Adv. 31, 115, 147, 264, 293, 
295, 308 

Swivel joints, Adv. 262 

Systems, hydraulic, Adv. 239, 333 

pneumatic, Adv. 134 


T 


Tape, vibration damping, Adv. 260 

Terminals, Edit. 234; Adv. 363 

Testing, Edit. 333; Adv. 27, 76, 253, 
270, 362 

Thermostats, Edit. 266; Adv. 8, 64 

Timers, Edit. 263, 278; Adv. 118, 246, 
250, 259, 346, 364 

Transformers, Adv. 364 

Transmission, automatic, Edit. 161 

Transmissions, variable speed, Edit. 
270; Adv. 43, 254 

Tubing, Adv. 15, 84, 143, 223, 303, 
329 


U, V 


Universal joints, Adv. 56, 251, 271, 
280 
Valves, Edit. 236, 243, 246, 249, 258; 
Adv. 1, 124, 141, 328, 360, 368 
hydraulic, Edit. 280; Adv. 126 
pneumatic, Adv. 134 
relief, Edit. 238 
toggle-actuated, Edit. 290 


WwW 


Washers, Adv. 54 

Wear resistant alloys, Adv. 138 

Welding, Adv. 98, 313 

Welding steel to cast iron, Edit. 37 

Weldments, Adv. 70, 296, 359 

Wire and wire products, Adv. 27, 
297, 358 

Wire rope, Adv. 252 

Worm gear jacks, Adv. 59 


MACHINE DESIGN is indexed in Industrial Arts and Engineering Index Service, both available in libraries, generally 
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Today, New Departure ball bearings are used by 
14 leading manufacturers of washers and driers. 
Wherever there’s a moving part, New Departures 
assure accuracy, low upkeep, longer life. 
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DEPARTURES OF TOMORROW 


Maybe it's hard to imagine a home laundry that washes, dries, irons, 
folds. But it's even harder to imagine this wonder—or any other—working 
without ball bearings . . . New Departures. 


In fact, New Departure bal/ bearings play an important role in just about 
every product with moving parts. For more than 50 years, manufacturers 
everywhere have counted on New Departure for bearings. 


Why this confidence? It's a matter of living up to a name. It means being 
first with new departures—like the Sealed-for-Life ba// bearing. And New 
Departure will be ready tomorrow with the finest bearings . . . first! 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONNECTICUT 


(‘DEPARTURE 


Y/Y) BALL BEARINGS 





NOTHING ROLLS CIKE A BALE 





amg Now s Roundup 





Four-Jet Seaplane Ready for First Tests 


Four turbojet engines will pow- 
er the SeaMaster, a new Navy at- 
tack seaplane said to be the first 
multijet seaplane in the world. 
Built by Martin Aircraft, the plane 
will begin flight tests in the near 
future. 

Designated the XP6M-1, the sea- 
plane is designed for speeds over 
600 mph. Its normal cruising al- 
titude is expected to be about 40,- 
000 ft. Two sets of Allison J-71 
jet engines are arranged on the 
wing on either side of the fuselage. 
Engines are equipped with take- 


World’s first multijet seaplane built for the Navy by 
Martin Aircraft is expected to fly at altitudes of 40,000 
ft at speeds over 600 mph. Carrying a crew of five, 


off afterburners, and the entire en- 
gine assembly is mounted for easy 
accessibility to permit engine 
changes while the plane is afloat. 
Fuel tanks are sealed in the 
wings. Plastic floats at the wing- 
tips are designed to provide wing- 
tip buoyancy when the SeaMaster 
is in rough water. The tail assem- 
bly is about 3 stories above the 
wing level to reduce possible spray 
damage to the control surfaces. 
Five crew members are carried 
in a pressurized section of the 
cabin. When flying at 50,000 ft, 


the cabin can be held at a pres- 
sure equivalent to an altitude of 
21,000 ft. An ejection seat is pro- 
vided for emergency escape of the 
pilot. Other crew members use an 
escape chute that extends down 
through the bottom of the hull. A 
newly designed watertight rotary 


_ bomb door is sealed by a self-seal- 


ing pneumatic tube system. In- 
side is the mine bay which can be 
loaded from the top of the hull. 

Photo-reconnaissance and mine 
laying are expected to be the ma- 
jor jobs of the new plane. Its mo- 
bility as a water-based aircraft 
promise it a significant place in fu- 
ture naval strategy. 


the plane will be used for mine laying and photo-te 
connaissance. It has been designed for operation inde 
pendent of fixed installations over long periods of time 


— 
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DRAWING BRASS 


RADIATOR TANK made of Formbrite shown before polishing and after chromium plating. Halves are assembled with a lock seam ar: 
soldered together with baffles inside. Intake spout, overflow tube and connecting fitting are also attached. 


New fine-grain drawing brass cuts rejects from 13/ to under 1/ 


These radiator tanks—used in a lead- 
ing sports car—were first made of ordi- 
nary drawing brass. 

But Morrison Steel Products Com- 
pany, Buffalo, N. Y., found this brass 
wasn't stiff enough after forming. Dur- 
ing handling, polishing and _ plating, 
many dents and nicks appeared on the 
surface. Rejects ran at about 13%. 

Then Morrison turned to Form- 
brite* — Anaconda’s new fine-grain 
drawing brass. Here’s what happened. 

1. Rejects dropped to less than 1%. 

2. Appearance of the final plated 

tank (very important in a sports 
car) was so much improved that 
now Formbrite is specified for all 
these tanks. 

3. Polishing costs were sliced almost 


in half, 


WHY MORRISON FOUND FORMBRITE 
BETTER, CHEAPER TO USE 


Formbrite has a superfine grain. Pro- 
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duced by special methods of rolling 
and annealing, this grain is so fine that 
often a simple color buff brings it to a 
bright, lustrous finish. (Compare mag- 
nification of Formbrite Drawing Brass 
with that of ordinary drawing brass, At 
right. ) 

Formbrite is harder, stiffer, springier 
and more scratch-resistant, It resists 
denting and ueforming. Yet Formbrite 
is surprisingly ductile readily 
stamped, formed, drawn and em- 
bossed. And Formbrite plates beauti- 
fully. 

NO EXTRA COST 
Premium price for this premium metal? 
Not at all. Formbrite costs not a penny 
more than ordinary drawing brass. It 
comes in sheets, strips and coils—in all 
commercial widths and gages. 


FREE SAMPLE 
The way to find out about Formbrite 
is to try it yourself. Ask for a sample 


and more information. Just write to: 
The American Brass Co., Waterbury 
20, Conn. In Canada: Anaconda Amer- 
ican Brass Ltd., New Toronto, Ont. 


*Reg. U.S. Pat. Off. bis7 


75x magnification of 
superfine-grain Formbrite. 


75x magnification of 
ordinary drawing brass, 


FINE-GRAIN DRAWING BRASS 
an ANACONDA® product 


Made by 
THE AMERICAN BRASS COMPANY 
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Rounding Up the 1955 Automobiles—2 


An overhead valve V-8 engine makes its first appearance on another of the 


low-priced three in 1955. 
new Hy-Fire V-8. 


have made the most radical change over last year’s models. 


Plymouth boasts increased horsepower with its 
Completely restyled, the entire Chrysler line seems to 


One notable 


Chrysler change is the removal of the automatic shift control lever from the 
steering column to the instrument panel. . 

Buick has redesigned its grille, giving a somewhat lighter appearance to 
the front end. Oldsmobile, a hot item in 1954 stylewise, made few changes 
this year in an effort to maintain its standing. 

American Motor’s Rambler will be marketed by both Hudson and Nash deal- 


ers as their “basic volume car.” 


Rambler 

Horsepower rating of the Rambler L-head 6 en- 
gine was not increased this year. Essentially the 
same as the 1954 engine, it prides itself on economy 
of operation. A new front fender design incorporates 
full-wheel cutouts. A turning diameter of 36 feet 
for the two-door series is said to be the best among 





MD Gth.nbae been adehensecn ad 60560 unnestseeecke BO nea 
No, cyls. 6 

re Vy CED seks a detan ek coke eobdenees 3% x4% 
Displ. (in.*) 195.6 

' 7.3 tol 

90 @ 3800 


Bhp, max 
150 @ 1600 


Og SO peepee deste pganppe phegetatteteteiee 








Pe LD bade Wede ct de dc adedncseces 
Length (in.) 

. FS ee re rere ere 
Ci 6 n00e6s'eks cedndeedad 
Weight (Ib) .... 


*Estimated 





U. S. production cars. A new grille consists of a 
single die casting. Either a Hudson or a Nash 
medallion will be mounted in the center of the grille, 
depending on which dealer is selling the car. Re- 
clining seats and the “Twin Travel Bed” are available 
as optional equipment on the four-door Ramblers. 
Air conditioning is offered as a factory-installed op- 
tion on all models. Tubeless tires are standard 
equipment. Three transmissions are available—con- 
ventional, overdrive and Dual-Range Hydra-Matic. 


Oldsmobile 


Oldsmobile’s “Rocket” engine, now in its seventh 
year of production, incorporates many engineering 
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improvements for 1955. Among these are a newly 
designed combustion chamber and a new high-lift 
camshaft. All this adds up to a top horsepower 
rating of 202 in the Super “88” and “98” series. 
Sweep-cut front fenders have been adopted by all 
three Oldsmobile lines (“88,” Super “88,” and “98”) 
this year. The Olds two-tone color styling that 
proved so popular in 1954 has been continued; side 
molding for the color separation is stainless steel. 





Super “SR”? and ‘‘98” 
OHV, Vee 


8 
3% x 3x5 
324 


Comp. ratio 8.5 tol 
Bhp, m 202 @ 4000 


Displ. (in.%) 


ax 
Torque, max (lb-ft) 320 @ 2000 332 @ 2400 





Size and Weight 





Wheelbase (in.) 
Length (in.) 
Width (in.) 
Height (in.) 
Weight (lb) 


~~ *Holiday series. 





Over 100 body color combinations are available. Im- 
provements have been made in riding quality through 
a redesigned shock absorber mounting. Steering ef- 
fort is said to be reduced by using needle bearings 
on the steering pitman arm shaft. A completely re- 
designed air-conditioning system is more compact 
and more efficient. Tubeless tires, of course, are 
standard equipment on all the 1955 models. The au- 
tomatic headlight dimmer is continued as an option. 


Dodge offers three series this year, the Custom 
Royal, Royal and Coronet. All models have an in- 
creased wheelbase of 120 inches, and overall length 
has been increased 16 inches on some models. Wider 
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DETAILED 
DRAWING 
OF UPSET 


INTERNALLY UPSET 


OSTUCO 


OSTUCOD 


SHELBY, OHIO 


Landing gears, manufactured by The Cleveland 
Pneumatic Tool Company for North American 
Aviation’s F-86H, have piston tubes machined 

from internally upset Ostuco tubing. The upset 
construction of these special-quality Ostuco tube 
forgings keeps machining to a minimum and per- 
mits faster processing. Savings are 25% ... or 
$4.95 per unit. 
Special-quality Ostuco tubing produces 
stronger, lighter products . . . better looking prod- 
ucts at greater savings. Its uses are practically 
unlimited. Wherever you use tubing in any form, 
Ostuco’s single source service can save you time 
and money. Write for helpful booklet “Ostuco 
Tubing,” or better still, send us your blueprints 
for immediate quotation. 


COMPLETED 
GEAR ASSEMBLY 


OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company ¢ SHELBY, OHIO 


Birthplace of the Seamless Steel Tube Industry in America 
SALES OFFICES: BEVERLY HILLS © BIRMINGHAM @ CHARLOTTE 
SEAMLESS AND CHICAGO @ CLEVELAND ® DAYTON ®@ DETROIT ® HOUSTON 
LOUISVILLE © MOLINE © NEW YORK @ PHILADELPHIA 
ELECTRIC WELDED PITTSBURGH © ROCHESTER © ST. PAUL © SEATTLE 
STEEL TUBING TULSA @ WICHITA 
—Fabricating CANADA, RAILWAY & POWER CORP., LTD. 


d Forgin EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
an orging 117 Liberty Street, New York 6, New York 
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doors and flared rear wheel openings add to the 
lower, longer look. Trunk space has been increased 
to 37.6 cubic feet with the spare tire installed. Three 
engines, two V-8’s and a 6, comprise the power line- 
up for Dodge for 1955. A new short-stroke over- 
head-valve Red Ram V-8 with a compression ratio 
of 7.6 to 1 is rated at 175 hp. The Custom Royal 
series incorporate a Super Red Ram V-8 of 183 hp. 


Engine Specifications 


Get-Away 6 Red Ram Super Red Ram 
..L-head,in-line OHV, Vee OHV, Vee 
8 





> 6 8 
Bore & stroke ‘din. >. a 3.25 x 4.63 3.63 x 3.256 
Es GD coccnsecececes 230 270 
Comp.  eepcerleaipnyes 7.4tol 7.6tol 
Bhp, max .. 123 @ 3600 175 @4400 
Torque, max ‘(b- ft) 194 @ 1600 240 @ 2400 


3.63 x 3.256 
270 


7.6 tol 
183 @ 4400 
245 @ 2400 





Size and Weight 





Wheelbase (in.) 
Length (in.) . 
Width (in.) ... 
Weight (Ib) .. 


*Royal Sedan with V-8 engine aaa Souar Flite. 





With a four-barreled carburetor and dual exhausts, 
it develops 193 hp. Other features of the V-8’s are 
a single rocker shaft and rigid, lightweight rocker 
arms. Gearshift for the automatic transmission has 
been moved to the dash just to the right of the steer- 
ing column. New Chrysler-designed coaxial power 
steering is also available on the 1955 Dodges. 


Buick for 1955 features a new variable-pitch dyna- 
flow transmission. During normal driving, the Dyna- 
flow works the same as before. For fast acceleration, 
the driver presses the accelerator to the floor, chang- 
ing the angle of the stator vanes. All this results 
in better performance, Buick says, because engine 
rpm can be increased to the point where the engine 
is operating near maximum torque. Horsepower 


ratings have been increased for both the Super and 
Special series engines. Rating of the Super series 


Engine Specifications 





Super 
i: Vote ké abd 6 00s 2066 Shae . OHV, Vee 
No. cyls. .. eee ree 8 
Bore & stroke Gn.) bine danse ceeenc 4.0 x 3.20 
Disp], (in.*) ... dius seas dale 6s 2 322 
CS MED 660 ck oe 6daeee so cene ces . 9tol 
Bhp, max .. at : 188 @4800 236 @ 4600 
Torque, max ‘(b- ~ft) 256 @ 2400 330 @ 3000 





Size and Weight 
Series 40 and 60 Series 50 and 70 
+ Ee 127 





Wheelbase (in.) Ceuewsees 
DE Soc cnet swenscoceséeee, 216.0 
Weems GERD ceccccccess ‘ 76.2 80.0 
ee Oe 4 occcane es sone pkanent 60.6 62.7 
A cca ecan dons Seaseeke ee 4278 





engine, used in the Super and Roadmaster series cars, 
has been increased to 236 hp. A four-barrel car- 
buretor is used for the first time. Horsepower of 
the Special engine used in the Special and Century 
series has been stepped up to 188. Compression ra- 
tio of the Super engines is now 9 to 1, among the 
highest in the industry. In the Special series, com- 
pression ratio has been increased to 8.4 to 1. Power 
steering is now standard on both the Roadmaster and 
the Super and optional on all other models. Grille, 
headlight visors and bumpers have been given a new 
look. Two-tone and three-tone color combinations 
are available this year. 


DeSoto features two restyled lines for 1955, the 
Firedome and Fireflite. Both are powered by over- 
head-valve V-8 engines featuring the hemispherical 
combustion chamber. Equipped with a new four- 
barrel carburetor, the Fireflite engine is rated at 200 
hp. Increased by 15 horsepower over last year’s 
engine, the Firedome is now rated at 185 hp. Both 


Engine Specifications 


Firedome 
ME 6uNenbGds ve ckeccecescccccsess QE Ee 
No. cyls. 
Bore & stroke -_ a 
Displ. (in.3) ... rrr tT Yee 
3 Ey ee eee 
Bhp, max ... 
Torque, max (b- ft) 





Fireflite 
OHV, Vee 


s 
3.72 x 3.344 
291 
7.5 tol 


200 @ 4400 
274 @ 2800 


8 
3.72 x 2.344 
291 


7.5 tol 
185 @4400 
245 @ 2800 
Size and Weight 
Firedome 
eS rrr Ae ee ee 126 
PCE £50 dees s6a0ee &0'nd ae oe 217.9 
PMN tes censdnacdaes 78.3 
TE 086 whirke ee eek’ oe-ea! as 60.6 
ED il as a5 a Gabe neh hese Secale 3900 








Fireflight 





engines are designed to operate on standard fuels. 
Wrap-around windshield increases thé glass area over 
20 per cent. Improved Powerflite automatic traps- 
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NO SIDE LINE 





RORUT, [oki-3 celed Ge 
MAJOR PRODUCTS ARE 
THE WORLD’S FINEST 
POWDER METALLURGY 


BEARINGS AND PARTS 


BOUND BROOK OIL-LESS BEARING CO., BOUND BROOK, N. J. 
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mission has .its control lever 
mounted on the instrument panel. 
Full-time coaxial power steering, 
improved air conditioning with an 


Plymouth 


Plymouth is completely restyled 
for 1955. Bodies have been made 
lower, longer and wider and en- 
gines feature increased horsepow- 
er. A new 6-cylinder engine has 
a higher compression ratio and 
features a new all-aluminum car- 
buretor with integral automatic 
choke incorporating a heat retain- 
er plate to match choke operation 
to engine temperature. A choice of 
two V-8 engines is offered on all 
three Plymouth lines with an op- 
tional power package that is said 
to boost horsepower to a top of 
177 at 4400 rpm. Both V-8’s have 
overhead valves with hydraulic 
valve lifters. The V-8’s also have 
a new combustion chamber called 


Engine Specifications 





automatic disconnect clutch, and 
a new fast idle control when the 
engine is idling in neutral, are 
among the many options available. 


a polysphere. By placing the ex- 
haust valve seat in a polygonal 
section of the chamber, better en- 
gine breathing and less loss of 
heat energy is claimed over the 
older designs. Plymouth’s stand- 
ard transmission is available with 
or without overdrive. PowerFlite, 
the fully automatic transmission, 
is available on any of the Ply- 
mouth lines with any of the en- 
gines. The PowerFlite control 
lever is now located on the in- 
strument panel. Tubeless tires are 
standard equipment. Solex tinted 
glass and air conditioning are 
among the many extras available. 


(To be concluded in March) 


Size and Weight 








Powerfiow Six 
L-head, in-line 
om Gk stecqaees 6 
Bore & stroke (in.) 3.2544.63 
230 
7.4tol 
sesseeess 117 @ 3600 
Torque, max (lb-ft) 194 @ 1600 


Hy-Fire V-8 
OHV, Vee 


8 
3.44 x 3.25 3.563 x 3.25 
241 260 


7.6 tol 
157 @ 4400 167 @ 4400° 
217 @ 2400 231 @ 2400 


Wheelbase (in.) 
Length (in.) 
Width (in.) 
Height (in.) 
Weight (Ib) 
*Belvedere sedan with V-8 en- 
gine and Powerflite, 








*177 @ 4400 with optional power package. 








Librarians Learn to 


Help Designers Look It Up 


Design engineers may benefit 
indirectly from a new course to be 
given by the Columbia University 
School of Library Service. Librari- 
ans having problems with engineer- 
ing or engineering literature will 
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evaluate and survey library re- 
sources in engineering and physical 
sciences. In the course, which 
starts July 5, they will learn meth- 
ods of obtaining house organs, 
trade journals, press releases and 
government reports. 

Purpose of this course, said to 
be the first of its kind ever given, 


is to acquaint librarians with engi- 
neering literature. Librarians in 
charge of engineering libraries will 
find it less difficult to provide de- 
signers with the type of informa- 
tion most valuable in their work. 





William S. Thomas, Vice Presi- 
dent, Emmaus Foundry and Ma- 
chine Co. Inc. Emmaus, Pa., won 
first prize of $500 in the Gray Iron 
Founders’ Society Redesign Con- 
test for 1954. The contest is con- 
ducted annually by the Society for 
the best example of products re- 
designed for production in gray 
iron. 





Previews 


How fo Stretch Time 


Motion so fast that it’s a blur to the 
eye can be stopped cold with high-speed 
photography—a technique that holds 
much promise in development engineer- 
ing work. Up to 8000 pictures per sec- 
ond can be taken with the techniques out- 
lined on Page 150, a speed that would 
slow down a 3600-rpm synchronous mo- 
tor to a lazy one turn every 9 seconds, 
If you were able to photograph a whole 
day’s operation at this speed, the result- 
ing movie film would run continuously 
for almost a year and a half. 


Spinning Liquids 


In a rotating hydraulic unit, centrifugal 
pressure of the hydraulic fluid can play 
hob with the most carefully calculated 
system pressures. As the article on Page 
180 points out, added pressures can be 
as much as ten tons in a torque converter. 
These additional pressures are often a 
factor to be considered carefully in de- 
sign. 


Bearing Up 


Having high load-carrying capacity, 
aluminum bearings have been used suc- 
cessfully in automotive and other applica- 
tions. Since aluminum bearings are rela- 
tively new, as the article on Page 189 
points out, care is needed in developing 
a new design. But solid aluminum and 
aluminum-on-steel bearings have certaif 
advantages which may be worth investi- 


gating. 


—_ 
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GIANT COMPRESSOR using these two cylin- 
der halves will blow air at 1 million cfm when 
completed. Being constructed by Allis-Chalmers 
Mfg. Co., the compressor is to be installed at the 
ram-jet addition of the Air Force’s Arnold En- 
gineering Development Center, Tullahoma, Tenn. 
Two of these 1 million cfm axial compressors will 
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be installed at the test facility. Each will be driven 

by a 24,500-hp synchronous motor with a 6000- 

hp wound-rotor motor for starting and to sup- 

plement the main drive motor. Studies of jet air- 

craft operation at supersonic speeds and subatmos- 

pheric pressures will be possible when the ram- 
jet addition goes into operation 


Sealed Pump 
Is Inside Motor 


By placing a pump compressor 
mechanism inside its driving elec- 
tric motor, designers were able to 
reduce the size of the unit to about 
one-fourth that of a conventional 
compressor. 

Designed by Wetmore Hodges 
and Associates, the pump is a posi- 
tive-displacement type with only 
two moving parts. It has no valves. 
Two Hill Rotoid Gears, one inside 
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the other, maintain multiple tooth 
contact through a 220 degree arc 
to form several individual pres- 
sure chambers. Both gears are in- 
side the stator core. 

To make the unit a true pres- 
sure vessel, the stator windings had 
to be enclosed and sealed. Shell 
Chemical Corp.’s Epon, an epoxy 
resin, provided the sealing means. 
The resulting assembly is said to be 
mechanically strong, chemically re- 
sistant and has high dielectric prop- 
erties. Tests show the unit to be 
completely leaktight up to 350 psi 


at temperatures between —20 and 
250 F. It is expected to find its 
greatest use in household or com- 
mercial air conditioning or refriger- 
ating applications where small size 
is important. 


New addition to the aluminum 
rolling equipment at Aluminum 
Company of America’s Davenport 
works is being installed. Construc- 
tion has started on a 100-inch cold 

(Continued on Page 24) 





Whenever weight is the problem in a new V-Belt drive 
design, then Dayton Cog-Belts are the solution. You can 
eliminate costly, unnecessary weight by as much as 28% 
without sacrificing one ounce of power, impairing efficiency 
or shortening life of the drive! How? Dayton Cog-Belts 
deliver 40% more horsepower per belt from the power 
source. Therefore, you can specify narrower, shorter sheaves 
with less grooves . . . shorter and fewer belts . . . shorter 
center distances .. . and lighter supporting frame members 
for a given power application. And in addition to saving 
weight, you save space and cost and gain compactness and 
power. 

What's more, with patented and exclusive Dayton Cog- 
Belts, you can be assured of maintaining the superiority of 


Daytom Rubber 


Since /905 


PATE $1 


ATIC BUILDUP 


| 
+—+ 4 14 
} } 
; 





| 
| 


your finished products. Your customers will also profit by! 
trouble-free, low-cost power transmission and increased 
productivity. 

For help on your drive design problem, take advantage 
of Dayton’s expert, experienced engineering staff. Write to: 
Dayton Rubber Company, Industrial Division, Dept. 6/!, 
Dayton 1, Ohio. 

Check These Exclusive Design Advantages: 
© The Tension Section flexes easily, giving longer life. 
@ The Loading Carrying Section has maximum stretch-proof 
strength. © The Compression Section has unequalled cross- 
wise rigidity. © Preformed, integral Cogs flex uniformly for 
full grip © Smooth, die-cut sides assure positive grip, full 
power. 
©D.R. 1955 

World’s Largest Manufacturer of V-Belts 


Dayton Rubber Co., Industrial Division 
Dayton 1, Ohio 


*TM. 
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A “special that's standard 


Special production of a gauge is expensive. Production of a 
special design is even more expensive. 

USG helps you lower your gauge costs by stocking the world’s 
most complete line of gauge components to meet almost every 
requirement of size, pressure, mounting, case and internals for 
all operating conditions. 

For help with all your gauge and other pressure sensing and 
actuating devices, call your nearest USG District Office or 
write to us at Sellersville. 


FOR OVER 50 YEARS 


UNITED STATES GAUGE §— auge Hradguautes 


United States Gauge, Division of American Machine and Metals, Inc., Sellersville, Penna. 
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MANY I 


STOCK GAUGES 
ARE “SPECIALS” 
WITH OTHER MAKERS 


For over 50 years USG has been 
designing and producing gauges for 
more original equipment manufac- 
turers than any other instrument 
company in the world. 

Many of USG’s “‘special’’ designs 
have become standard st»ck items 
in the industry. Many others that 
are “standard stock” at USG require 
expensive special production with 
other instrument manufacturers. 

To meet special gauge require- 
ments economically, USG maintains 
the world’s largest stock of gauge 
components to meet any pressure 
sensing and actuating need. 

In addition to these huge stocks 
for special designs, USG inventories 
over 200,000 standard gauges in a 
variety of types, sizes and ranges 
for practically every industry 
application. 

To assure higher quality gauges 
with enduring accuracy, USG main- 
tains the most rigid quality control 
system in the instrument industry. 
This rigid inspection system is sup- 
ported by a Standards Laboratory 
with masters measuring from low 
vacuums to super pressures. 

USG’s facilities are economically 
integrated for large volume, quality 
controlled production, assuring 
better gauges—with enduring accu- 
racy—in every competitive price class. 


Above, a portion of USG’s Research 


‘Laboratory. Here constant testing of 


materials under customer operating 
conditions assures optimum efficiency 
and long gauge life. 
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(Continued from Page 21) 

mill for finish rolling wide alum- 
inum coiled sheet, used in the field 
of aluminum-clad buildings, as well 
as in the aircraft and other trans- 
portation industries. The new 100- 
inch mill is expected to be in op- 
eration early in 1956. Alcoa will 
then be able to produce substan- 
tially wider cold-finished coiled 
sheet than has ever been available 
before. 


New Shoes 
Promise Smooth Stops 


Railroad brake shoes made of a 
composition material are being 
tested as a possible replacement for 
steel shoes in railway service. 

A joint project of Westinghouse 
Air Brake Co. and Johns-Manville 
Corp., the new development prom- 
ises smoother subway car and pas- 


UP AND OVER: So goes the “Pogo” in a recent 
test at San Diego. Built for the Navy by Convair, 
this XFY-1 is said to be the world’s first successful 
vertical rising airplane (MACHINE DESIGN, 


NO OVERHEAD: This underground diesel-electric locomotive is 

about as high as an automobile. It is 47 feet long and 7 feet wide. 

Built by General Electric, it travels at 37.5 mph and is reported 

capable of pulling 800 to 1000 tons. In use at the U. S. Potash mine, 

the 420-hp machine had to be dismantled to get it underground, 
then reassembled in the mine 


senger train stops. Called the 
Cobra Brake Shoe, the device is 
said to be quiet and promises long 
mileage life. 

Because cars equipped with the 


new shoes have been found to re- 
quire only one-fourth the brake 
force now used, simpler and lighter 
brake rigging may be used. Uni- 
form friction of the shoe against 








September, 1954, page 21). In this test, the plane 


was leveled at an altitude of less than 200 feet. 

After flying horizontally for about 20 minutes, the 

XFY-1 was nosed up at about a 50-foot altitude 

and backed down to a landing on a 50-foot diam- 
eter concrete mat 


MACHINE DESIGN—February 1955 











jy, 7 i 


i * 
GET G.5. TECHNICAL DATA hae i 


See where and how we mass-manufacture Small 
Gearing to uniformly fine tolerances. Folder 
contains 23 pictures of Small Gears, plant views, 
as well as Diametral and Circular Pitch Tables. § 
Ask for your copy on company stationery, please! 


G.S. Small Gearing ? 


You'll find it about the easiest and most profitable thing 
you ever did . . checking up on the detter Small Gearing 
we make. Just follow the suggestion you see above. Get 
this Technical Service Bulletin. Read it . . keep it . . and 
specify ““G.S.” on the very next lot of Small Gears you 
need. If a new product is involved, call us in at the 
“drawing board” stage. Precision-minded manufac- 
turers from coast-to-coast are doing this to their profit 
and satisfaction. First shipments invariably result in 
repeat orders . . constant customers who depend upon 
us year after year for quantity runs of Small Gearing 
which uniformly meet the most exacting specifications! 


FRACTIONAL Wo, 
~ $ 


eta “0 
+ 
* 
6 
° 


\ Tail 
G. 





Specialties, Inc. ¥°¢ 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING © RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 
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LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 


SELF-LUBRICATING 


BUSHINGS 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
{(-450° to +700°F.) 

OPERATE DRY, OR AT HIGH SPEEDS 
SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS - EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


GRAPHALLOY is widely used for self- 
lubricating piston rings, seal rings 
thrust and friction washers, pump vanes 











COMPLETE 
BEARING 
UNITS 
SUPPLIED 











See eee 














BRUSHES * CONTACTS 


GRAPHALLOY has high-performance 

electrical properties: low electrical 

noise, low and constant contact drop, C) 
high current density, minimum wear! 

Brush Holders and A lies, Coin Sil- 

ver Slip Rings and Assemblies available. 


USE OUR 40 YEARS OF DESIGN EXPERIENCE! 








GRAPHITE METALLIZING CORPORATION 
1045 Nepperhan Ave. > YONKERS, NEW YORK 


0 Please send date on Grapheliey Oil-Free BUSHINGS 
Cj Send date on BRUSHES end CONTACTS. 














NAME & TITLE 
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the wheel is said to minimize lurch- 
ing at the end of a stop. It per- 
forms equally well in wet or dry 
weather, according to its designers. 
Weight has been reduced to one- 
half as much as present type brake 
shoes. Damage due to thermal 
cracking from high-speed braking 
duty is expected to be reduced. 





e e e FAR-AWAY BLUEPRINTS 
may be read easily with RCA’s “TV 
Eye”, a closed-circuit television sys- 
tem. Good two-way visual communi- 
cation between separated buildings is 
said to be possible with the system. 
All the designer has to do is hold up 
the drawing and let the camera relay 
the information to a TV receiver in 
the shop. It could be very handy when 
it’s time to make that nineteenth pro- 
duction change. 


Etching Process Makes 
Stampings Without Stampings 


Sheet-metal stampings can be 
made without mechanical dies to 
reduce some of the costs involved 
in conventional methods. Chemi- 
cal etching substitutes for drill- 
ing, routing and blanking or pierc- 
ing in a process used by Chance 
Vought Aircraft Inc. 

The method, called “Chemi-Cut,” 
works on the photoengraving prin- 
ciple. First, a black-and-white 
master drawing is made of the 
part. Then, the drawing is trans- 
ferred to the metal by photo en- 
graving, metal lithographing, or 


| silk-screen printing. A _ specially 


developed acid-resisting ink is 
used. Unwanted material is etched 
away by acid and the desired part 
remains. 

One application in which the 
process was used to advantage was 
making screen assemblies. By the 
former method, 216 spot welds 
had to be made. Chance Vought 
designers redesigned the screen by 
making a stainless steel strip with 
the holes all cut out. The strip 
required no operations other than 
the etching to make it usable. 
Time from making the drawing to 
the first finished part was said to 
be less than 3 hours. 

Maximum size of parts present- 
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CHROMALOX 


Eee 


CARTRIDGE HEATERS 


SAFE - EFFICIENT 
EASY-TO-INSTALL 


Chromalox Electric Cartridge Heaters pro- 
vide dependable heat when and where you 
need it at the temperatures you require. 
Dies. molds, platens, moving parts, etc are 
quickly and accurately heated to controlled 
temperatures required for most efficient 
production. Lengths up to 40’’, diameters 
¥%"’ to 3%’’, ratings 30 to 8750 watts. 


GET CHROMALOX 
CATALOG 50 
For Complete Details 


EDWIN L. WIEGAND CO,, Industrial Division 
7575 THOMAS BLVD., PITTSBURGH 8, PA. 


Please send me free copy of CATALOG 50 


Name 
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THE BEST IN ELECTRIC HEAT 
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ly being produced by the “Chemi- 
Cut” method are 27 by 30 inches. 
About 0.001-inch per minute can 


Chemically etched air screen, left, 

was made in one piece and required 

no burring, drilling or welding. The 

air screen, right, made by conven- 

tional methods, required 216 spot 
welds 


be etched at normal temperatures. 
Parts up to 0.006-inch thick can 
be made with a vertical edge. 
Some of the metals that can be 
etched in this way, according to 
the company, are aluminum, cop- 
per, bronze, brass, steel, beryllium, 
titanium and chrome-plated sheet 
stock. Physical properties of the 
materials are not affected. 


1954 Censuses of Business, Man- 
ufactures and Mineral Industries 
will be conducted by the Bureau of 
Census this year. These censuses 
will involve collection of basic in- 
formation regarding 1954 business 
operations of more than 3 million 
stores, factories and mining estab- 
lishments. Emphasis is being placed 
upon accuracy and prompt report- 
ing by businessmen contacted. Cen- 
sus figures are expected to be valu- 
able to businesses in making deci- 
sions on plant location, product de- 
velopment, marketing channels, 
and many other matters. 


New order index of industrial 
Supplies and machinery rose stead- 
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“must flexibly deflect to 20° under 50 in. Ibs.” 


@ 


Guardian 
FLEXIBLE COUPLINGS 


Freedom of the designer to select and 
specify the exact length which his 
drive requires—plus very low outside 
diameter of coupling for the load it 
carries—plus the availability of Flex- 
Elements to meet special drive prob- 
lems like the example given here— 
plus one-piece construction in 1/15 
to 3 HP series—these are reasons for 
more and more OEM specifications 
of Guardian DYNA-LINE flexible 
couplings. 


Our Product Application Depart- 
ment will welcome consideration of 
your coupling problem. GUARDIAN— 
also producers of the molded nylon 


« 


FROM OUR PRODUCT 
APPLICATION FILE 
Case History No, 25-3-R 


Problem: A deposit drawer for drive-in banking 
activates a limit switch just before reaching the 
extreme limit of its travel. The momentum built up 
by the gearhead motor imposes approximately 50 in. 
Ibs. upon the arrested motion of the drive train. 
To protect the gears against this sudden shock o 
flexible coupling is required which will deflect flexibly 
20° in rotation under this load. 

Solution: A study of the load deflection involved, 
with the normal running torque in this drive, found 
its answer in one of the several Flex-Elements avail- 





splined sleeve coupling. 


Write for Catalog Page C-102 and 
Drive Data Form #53. 


COUPLING DIVISION 
Dept, IC-M, 1215 E. Second St. 
Michigan City, Indiana 


able in Dyna-Line couplings. 
length was then selected. 
so-called ‘‘non-standard length"’. 


G uardian PRODUCTS CORP. 


Guardian 
QUALITY IS TRUE 
ECONOMY 








FOR LABORATORY - TOOLROOM - PRODUCTION 


A basically new idea in balancing 
for precision, easy set-up and easy 
adaptability for any baiancing 
problem. 


Does both kinetic and dynamic 
balancing with average set-up 
time of less than three minutes. 


Capacity from half a pound to 
half a ton and 2” to 44” dia. 


Sensitivity is within 0.04 in.-oz. 
Model 704, price including oper- 
ator training, only $3475. Other 
models available with greater ca- 


pacities, etc. 


Write for more information 


Merrill FT i 





The No. 3-R in 4% inch 
No premium price for 





UNIFORMITY 


ABBOTT BALLS 


In any given shipment of 
Abbott carbon steel Bear- 
ing Balls you'll find UNI- 
FORMITY of size tolerances 
and sphericity. This is 
because Abbott production 
standards are geared to 
meet Industry’s most rigid 
requirements. Every Abbott 
Bearing Ball — Deep Hard- 
ened and Tempered for 
maximum shock resistance 
and load carrying ability — 
is a model of precision, 
unsurpassed for sphericity, 
size tolerance, depth of case 
and other essentials of fine 
carbon steel bearing balls. 


Specify Abbott... you can’t 
ask for a better carbon steel 
ball! 

a Y 


——s 


THE ABBOTT BALL CO. 
50 Railroad Place, Hartford 10, Conn. 
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ily in November and almost equaled 
the year’s high. The American 
Supply and Machinery Manufac- 
turers’ Association reports the new 
order index for November at 146.2. 
High for the year was 148.1 in 
September. The index measures the 
flow of orders received by Associa- 
tion members who are manufactur- 
ers of production and maintenance 
equipment, tools and supplies. The 
value of orders received during 
November 1954 was more than 46 
per cent above the base month of 
July 1948. 


Steel Protected with 
Dipped Aluminum Coat 


Chemical and high-temperature 
corrosion of steel can be reduced 
by applying a thin coating of pure 
aluminum to steel and its alloys, a 
process now commercially avail- 
able. 

Called ‘“Alumicoat,” the proc- 
ess consists of dipping metal to be 
bonded into molten aluminum for 
a few minutes. A metallurgical 
iron-aluminum alloy’ bond is 
formed at the interface. Actually, 


BIG SQUEEZE of 50,000 tons will press aluminum aircraft sec- 

tions into shape when this new press goes into operation. Built 

by Mesta Machine Co., this huge press is being erected at Aluminum 
Company of America’s Cleveland works. 


(TTR SR SM 8 A 
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FACT 


For mechanical operation of inaccessible parts, 
S.S.White flexible shafts will do the job better... 


WHY? Because S.S.White flexible shafts provide a single, self- 
contained, easily applied unit for transmitting power to drive the inac- 
cessible parts or for providing manual control to the parts. This means 
fewer parts, simplified assembly, no alignment problems, and lower 
costs. Also, in many cases, flexible shafts can save space because they 
give wide latitude in locating driven or controlled parts. 


EXAMPLE — Remote control for a rotary switch 


$.S.WHITE 
CONTROL KNOB FLEXIBLE SHAFT ROTARY SWITCH 





WIRING TO 
EQUIPMENT 




















In service, the rotary switch shown at 
right is fully enclosed inside a cylin- 
drical column. The flexible shaft 
makes it possible to locate the switch 
in the most desirable spot while pro- 
viding smooth, easy control from a 
convenient point. This big advantage 
of flexible shafts can be a lifesaver in 
many cases of equipment design. 


FLEXIBLE SHAFT FACTS FOR DESIGNERS 


BULLETIN 5306 gives basic information and data about flexible shafts and 
tells how to select and apply them. Write for a free copy. Address Dept. 5. 


‘ 





FICTION — Flexible Shafts Are All Alike 
assurance of superior 
service. And backing this up is a staff of 


big difference in flexi- give a positive 


fference which is 
ion and perform- 
S.S.White flexible 
the latest tech- 
ements, 


Actually, there’s a 
ble shafts—a di 
reflected in the operat 
ance of your product. 
shafts, which incorporate 
nical and engineering advanc 


haft engineers who 

with you in work- 
details to insure 

plication. 


experienced flexible s 
are ready to cooperate 
ing out the necessary 
the success of your ap 
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From 
START 
to 


FINISH 
Specify 


a 


RUTHMAN Illustrated is a Kearny & 


Trecker #2 Model CK Mill- 
GUSHER ing Machin equipped with 
coolant pumps 


From the moment you start your Ruthman Gusher 














Coolant Pump you get copious coolant flow. There 


is no priming necessary, and your Gusher Pump 





uses less power when throttled. Pre-lubricated 








ball-bearings and an electronically balanced ro- 


tating shaft assure you of low maintenance cost 





and trouble-free operation. Specify Gusher Pumps 





on your metal-working machinery. 







THE RUTHMAN | MACHINERY Co. 


1811 Reading Road -al= Cincinnati, Ohio 





















Everyone recognizes this 





as a sign of strength... 





And smart gear users know 


this {@mitis the sign of 






May We Send You Our Brochure? 













® 





the best in custom made gears. 


“Gears...Good Gears Only” 





THE CINCINNATI GEAR CO. CINCINNATI 27, OHIO 











News Roundup 





the aluminum penetrates the steel 
to a depth of about 0.0015-inch. 
From 0.0005 to 0.001-inch of 
aluminum coats the outside of the 
piece. Thickness of the coating 
depends upon the type of material 
and the time of immersion. 

Developed by General Motors 
Research Laboratories (see Ma- 
CHINE DESIGN, August, 1952, Page 
244), the process is now commer- 
cially available through the facili- 
ties of Arthur Tickle Engineering 
Works Inc. 

It has been found that high- 
temperature oxidation of mild or 
low-alloy steels can be stopped or 
materially reduced by ‘“Alumi- 
coat.” Adequate high-temperature 
protection can be provided as long 
as the base metal has_ useful 
strength. According to test re- 
ports, at temperatures exceeding 
the melting point of aluminum, the 
aluminum diffuses into the steel, 
forming an intermetallic compound 
of iron and aluminum. This re- 
sulting refractory material is said 
to give the steel maximum pro- 
tection against high-temperature 
scaling. 

Low-alloy or mild steels, alumi- 
num dipped, are reported being 
used to replace high-alloy steels in 
some applications. Among these 
uses are jet aircraft parts, boiler 
tubes, and diesel exhaust pipes and 
mufflers. 





North American Aviation Inc. 
has begun work on a $5 million 
wind tunnel to test airplane and 
missile designs for the future at 
speeds up to more than three times 
the speed of sound. Expected to 
be one of the nation’s largest, pri- 
vately owned wind tunnels, the 
North American facility will help 
in solving increasingly complex de- 
sign problems for airplanes and 
missiles. The tunnel will be large 
enough to test models up to 4 feet 
wide. 








Martin Aircraft Co. has estab- 
lished a separate Nuclear Division 
it was announced recently. Tibor 
F. Nagey, manager of the new di- 
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vision, said efforts will be directed 
toward making Martin a major sup- 
plier of portable nuclear power 
equipment for the military services. 
Martin plans to develop nuclear re- 
actors and related components for 
military, industrial, and com- 
mercial use. 


Robert E. Gross, president and 
board chairman of Lockheed Air- 
craft Corp., Burbank, Calif., has 
been elected president of the Insti- 
tute of the Aeronautical Sciences 
for 1955, it was announced by the 
engineering society’s headquarters 
in New York. He succeeds J. L. At- 
wood, president of North American 
Aviation Inc. 










Designers Hold Key 


To Longer Vacations 































Designers had better keep on 
turning out those new and better 
machines if they want U. S. indus- 
try to live up to the latest 10-year 
prediction. A recent U. S. Depart- 
ment of Commerce forecast says 
that by 1965, output per man hour 
will increase 40 per cent while 
hours of work will be slightly less. 
Improved production methods and 
equipment will account for the 
change. 
A summary of the report pre- 
dicts the following: 
Population will increase 20 per 
cent to 190 million. 
Output per man hour will in- 
crease 40 per cent. 
Hours of work will be slightly 
less. 
Total national output will in- 
crease 50 per cent. 
This indicates that salaries will 
probably be higher with just a lit- 
tle more free time to enjoy that 
extra income. 


American Society for Engineer- 
ing Education will hold their 63rd 
Annual Meeting June 20-24, 1955, 
at the Pennsylvania State Univer- 
sity, State College, Pa. Over 200 
Separate papers, symposia, and 
tound-table discussions will be pre- 
(Continued on Page 36) 
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A New Heavy-Duty 
Machine Tool Limit Switch 
With 70° Overtravel 


® Trigger Fast Action y aN 
@ High Contact Pressure Pe 
@ Versatile In Application 
® Strongly Constructed 

® Long Lived 

















Model L-100S 


Acro, a leading manufacturer of precision snap action switches, 
has now added the sturdy Model L-100S for the machine tool 
industry. With repeated use of 70° overtravel this rugged design 
has consistently withstood 20,000,000 actuations. For installation 
ease, terminals and the switch mechanism are in separate com- 
partments. The heavy cast case is gasketed for oil and moisture 
resistance. Available with a wide variety of actuators. Easy to 
service. Electrical rating 25 Amps, 125 Volts AC-DC. Favorably 
priced. Write for bulletin. 


Cc¢RO ACRO SWITCH 


DIVISION 
MANUFACTURI 


COLUMBUS 16, OHIO 
Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


















i. MANUFACTURE of flywheel ring gears 
poses special problems. Sectional thickness is usually 
less than three-quarters of an inch. To withstand the 


impact force of the starter pinion, the gear teeth must 
be hard. But the gear body itself should be unhardened 
so that it will conform tightly to the flywheel, and 
“give” under the stress that might snap a brittle gear. 


Note how DOUBLE DIAMONDS are made to be thin, 
tough, “tender-hearted.”” The above photo of a gear 
twisted into a pretzel shape graphically demonstrates 
ductility. The sketch at right shows three important 


DUCTILE BODY / 


THIN: 
TOUGH: 


-..and 
"tender-hearted”’ 


ROCKWELL “c” 48-55 
AT PITCH UNE 











ROCKWELL 








ROCKWELL “C” 10-20 


"“C" 40 MIN. 








AT Root 





SHADED AREA 1S 
HARDENED WORKING SURFACE. 








areas: the wide and deep hardness pattern, the generous 
area of transition, and the ductile body. These extremes 
are achieved in DOUBLE DIAMOND Flywheel Ring 
Gears by controlled selective heat treatment—all es- 
sential to flywheel ring gears that provide the best 


possible performance. 


Our Engineering Department will be glad to make 
constructive suggestions on the design of flywheel ring 
gears, or on the many other types in which we special- 
ize. Write, phone or wire—depending on the urgency 


of your need. 


FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICAT! NS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


Automotive 


ESTABLISHED IN 1914 


(rear Works. inc 


RICHMOND, INDIANA 








Take a look at these Cav 


Explosion P roof M otor ¢t eatures: 


Vital motor parts protected — sealed 
into inner frame. 


Motor can be reversed without 
changing direction of the fan— 
fan runs in either direction. 


Uniform ventilation surrounding 
outside of inner frame. 


Smooth, straight-through ventilating 
passages. 


Winding electrically insulated 6 
different ways. 


Unusually free from vibration. 


Ball bearing housing keeps grease 
in — dirt out —lubricated for 
several years’ normal service, with 
grease plugs for additional 
lubrication, if necessary. 


Easy-to-remove fan guard is held 
securely in place with two screws. 


Smooth exterior surface is easy 
to clean. 


Cast iron frame with integrally 
cast feet resists rust and 
corrosion — even when mountcd 
in places where processed 
materials may contact the feet. 


Rugged construction gives 
generous safety factor for 
rough handling. 
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MOTOR 
With 


Gas Mask 


PROTECTION 
eX BLOSION 


‘PROOF MOTORS 





» * property and employees are protected, because this Century 
Explosion Proof motor is totally enclosed—sealed to prevent 
a motor spark from causing an explosion. 


Class I, groups C and D are used in atmospheres containing 
flammable gases or vapors: Ethyl ether vapors, gasoline, petroleum, 
napthha, alcohols, acetone, lacquer solvent vapors and natural gas. 


Class II, groups E, F and G are used in atmospheres containing 
combustible dusts: Metal dust, carbon black, coal or coke dust 


and grain dusts. 


Naturally, corrosive or abrasive materials in the air are also 
sealed out of the vital parts. 


For your protection specify Century motors on the equipment you 
design. Century Engineers are always ready to work with you... 
to assist you in selecting the motor which will enable you to get top 
performance from your machine. These engineers can give you 
complete information on Century's wide range of motors — from 

V/g to 400 horsepower. 








CENTURY ELECTRIC COMPANY 
1806 Pine Street > St. Lovis 3, Missouri 


72% 























Choose one... 


You can see at once that these spurs differ; serve different 
need. Suppliers differ. Titeflex was born and raised 
on a custom-engineering way of doing business. Fresh 
thinking comes naturally to them. Titeflex people like to 


tackle the tough ones. 


When you buy any Titeflex product you get something 
extra for your money—Titeflex interest in you. Take 


time to learn the difference. Send the coupon along today. 


0 Seamed and 2? 0 Ignition Harness 
Seamiess Metal Hose and Shielding 
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O Quick-Seal Coupling 





O Precision Bellows 


TITEFLEX, INC. 
INDUSTRIAL PRODUCTS DIVISION 
508 Hendee Street, Springfield, Mass. 


Please send me without cost information about the Titeflex products checked above. 











Address_ 
City 











Left—Western spur with 16-point rowel Right—English spur with straight rowel 





(Continued from Page 31) 


sented at general sessions and in 
the programs of the 27 divisions of 
the Society. Information and regis. 
tration forms may be obtained from 
Prof. K. L. Holderman, Genera) 
Chairman, 103 Mechanical Engi- 
neering Building, The Pennsylvan- 
ia State University. 


New Computer 
Shows What You've Got 


Actual graphs of the calculated 
result of a computer’s problem ap- 
pear on the cathode-ray screen of 
this new computer. Known as the 
type 740 by its makers, Interna- 
tional Business Machines Corp., the 
unit shows a visual display of the 
result. 

For example, IBM engineers 


New visual display computer made 

by IBM showing the 21-inch cathode 

ray screen. Here the machine has 

computed the = of a bouncing 
ll 


claim that successive portions of 
a computed cam may be displayed 
on the screen. This display may 
be photographed’ at high speed. 
Exact course of an_ aircraft 
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picked up by radar can be plotted 
on the screen according to IBM. 
Position and heading of the plane 
can be fed to the computer from 
the radar unit. From these, the 
computer quickly calculates the Tht ‘ 
ath of flight and displays it on we @AAK Yeréydyi;1-7- 0" 
3 cathode-ray screen. {RSUTO UUUUIRA 
A 21-inch cathode ray tube is 
used for the visual display. Photo- wilh 7 TTT EE ; TTE 
graphs may be obtained with a 47 ' rag 
35-mm pulse-operated camera. Ac- 
curacy of displays on the 21-inch ) NSSFECES NS d 
screen is 3 per cent. A point dis- 
played lasts about 20 seconds. All 
operations of the displays and cam- 
era are automatic and under control 
of the computer. 





...t0 handle vibration, 
++» COLOR-BLIND DESIGNERS temperature and corrosion headaches 


will have no excuse for poor color- 
ing of standardized colored products : ® e s 

aaymore. Armour Research Founda- inl conveying applications 
tion has acquired a General Electric 
recording spectrophotometer to be 
available for industrial testing. It 
standardizes colors by reducing them 


to a@ curve. Costing a neat $17,000, 
the outfit takes the guess work out 


Do you have to conduct water, solutions, fuel, lubricants, 
oxygen or other gases or liquids between two points which may 
not remain fixed? Your answer is Titeflex flexible metal hose. 

Titeflex offers you just about everything you could wish for 
of what is and what isn’t parisian in metal hose—seamed or seamless, braided or unbraided, a 
tue, snowshoe white and fantasy wide choice of alloys and fittings. And Titeflex has the origin- 
yellow. ality and experience to simplify your design difficulties—the 
laboratory control and development engineering assistance you 
want behind you. All you have to do is send your drawing; we 
fill in the exact hose type required. Telephone or mail in the 
Weld Stee! to Cast Iron coupon for full information about metal hose and its uses, 


catalog #200. 
lusier with New Electrode 


A newly developed welding elec- 
trode with a bimetallic core is the 
basis of a new technique for weld- 
ing steel to cast iron. Called a 
100-X electrode by its makers, C. 

E. Phillips & Co., it has a core TITEFLEX, INC. FLEXIBLE METAL HOSE 
made of copper and mild steel with Industrial Products Division 

a arc-shielding flux coating. 508 Hendee Street 

Good bonding of steel and cast nieuaibeees 

iton by welders of average skill is Your knowledge af metal hose applications may be helpful to us. 

tow claimed possible. Repair weld- Please send your complete catalog—without obligation. 

ng on all grades of iron castings 
Sone of the uses of the new rod. Name 
Other possible uses are welding i 
‘ast iron to carbon and alloy Title 
steels, welding heavy cast-iron sec- 
tions without studding, and weld- : Firm 
Mg copper to cast iron. Tensile 
Strength of the bond is said to be | acepess 
tigher than cast iron, and the 

bond is tough, ductile and shock _ 
resistant. 

Iron castings combined with 
tolled steel plate are now practi- 
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Brute Strength or Delicate Handling 
of Rotary Power Functions -.- - 








TWO VANES ARE 
BETTER THAN ONE 


The hydraulically balanced 
DUAL-VANES in DUDCO 
Fluid Motors. as contrasted 
with conventional designs, 
maintain MULTIPLE AREAS 
OF CONTACT CAM 
RING... doubling the number 
of effective barriers to slippage 
and power loss. This patented 
principle is an exclusive 
DUDCO feature! 








equipment. 





On Conveyor systems for agricultural, 
food processing, mining and other in- 
dustries, DUDCO DUAL-VANE Fluid Motors 
provide the extras in performance that 
save time, money and labor. Operating 


FLUID MOTORS 


Compact and sturdy, DUDCO DUAL-VANE Fluid Motors 
operate quietly and smoothly under the most strenuous 
conditions. They're built to “take it”... frequent re- 
versals, rapid accelerations or stalling under load. With 
DUDCO you get the big advantage of 2000 psi opera- 
tion at a cost comparable with that of lower pressure 


DUDCO is a big, exciting story for every hydraulics 
engineer because . . . power losses are minimized and 
operating efficiency is higher . . 
high . . . operation is smooth, quiet and exceptionally 
free from wear or maintenance problems. 


. Starting torques are 





the winches on a giant tank retriever 
and other large mobile equipment calls 
for high starting torque and the depend- 
able power of DUDCO DUAL-VANE 
MOTORS. 


Write for Bulletin DM-301 fully describing 
DUDCO DUAL-VANE Fluid Motors today! 


D Le) D C © DIVISION 
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THE NEW YORK AIR BRAKE a {()) 
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cal, according to the manufacturer, 
Another possible advantage of the 
new technique is to permit engi- 
neering changes on castings to be 
made where previously a new pat- 
tern was needed. 






















GROUND HANDLING of 
airplanes is done by electric 
motors in this newly de- 
signed docking device. A 
20-hp drive motor powers a 
device that moves the air- 
liner sideways up to an un- 
loading dock in about 40 
seconds. The device, made 
by the Whiting Corp., is 
said to save airport space, 
reduce danger of collisions 
and protect passengers from 
the weather 

























Facilities for an expanded pro- 
gram of pilot-plant and large-scale 
research for American industry are 
nearing completion at Battelle in- 
stitute’s recently purchased 400- 
acre site just outside Columbus, 0. 
The new facilities, according to 
Clyde Williams, Battelle’s president 
and director, will be used primarily 
for large-scale studies in chemical 
engineering, metallurgy, and min- 
erals processing. Provided initially 
are two major buildings, totaling 
13,000 square feet and designed 
specifically for large-scale experi 
mental work. 


















New sheet and foil rolling mill 
is being constructed by Kaiser Alu- 
minum & Chemical Corp. To be 
located at Ravenswood, W. Va., the 
plant is expected to be in operation 
in 1956. 
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SAVING MONEY 


for TAXPAYERS in 
CONNECTICUT 


or NUT GROWERS in 


PAINTED ON TUNG- 
STEN coating protected the 
brass square above while the 
one below was worn down 
to a depth of 1/16-inch. 
Both were subjected to the 
same pretreatment. A new 
metal - cladding called 
“Tungstide” announced by 
the Lockrey Co. may be ap- 
plied by brush, dip, or spray 
where a “case-hardening” 
effect is desired, and is also 
said to be self lubricating. 
This tungsten hard coating 
is being tested in such ap- 
plications as reducing wear 
of relay-latching members 
and plastic drilling and as- 
sembly jigs 








Hamilton Watch Co. has an- 
hounced the acquisition of the 
Hathaway Instrument Co. of Den- 
ver. Hathaway produces oscillo- 


These famous Gear Type 
Motors operate with pres- 
sures up to 1500 psi. 
Available in flange or 
foot-mounted models, in 
a complete range of sizes 
to 52 hp. They feature 
the exclusive HYDRECO 
Four Bolt design which 
places greatest strength 
in the area of greatest 
pressure. 


Upule 


mm CALIFORNIA 


HHYDRECO 


FLUID MOTORS 


You find the answers to so many 
problems in the wide experience of 
HYDRECO engineers. . . especially 
where a function involves rotary 
motion. Powering the sweeper or 
the snow blower on municipal equip- 
ment, driving conveyor belts on 
trenchers, or shaking walnuts out of 
the trees at harvest time... these 
are but a few of hundreds of money- 
saving operations HYDRECO Fluid 
Motors are called upon to perform. 

HYDRECO Fluid Motors, with their 
high starting torque, instant reversi- 
bility, and capacity for handling 
rugged and seemingly impossible 
assignments, are the natural choice 
of design engineers. HYDRECO de- 
pendability stems from the funda- 
mentally sound ’Pressure-Balanced” 
design, unmatched craftsmanship 
and the “know-how” of thousands of 
outstanding hydraulic applications. 


for full information on 
HYDRECO Hydraulic Pumps, Motors, 
Valves and Cylinders today! 


| 
graphs, galvanometers, strain an- | eq re be E Cc  @ 
| ¢ DIVISION 


alysis equipment, seismographs and 

Pressure and temperature record- 

*rs. Claude M. Hathaway, founder 
(Continued on Page 42) 





THE NEW YORK AIR BRAKE comes) 
1106 EAST 222nd STREET® CLEVELAND 17+OHIO 
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Automatic Process 
Control ? 


¢ 


é<t)3 5 


LIQUID LEVEL 








TEMPERATURE PRESSURE FLOW 











-.- AND MANY OTHER PROCESSES 
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It’s as simple as 1-2-3 with 


3134/3 > 


AUTO-PNEUMATIC CONTROL 


EQUALS AUTOMATIC PROCESS CONTROL 





ENT CONTROLS 


f instrument controls have been de- 
'by many specialists in the Instrument 
».. instruments that measure changes in 
of various processes, such as heat, 

il heights, etc. These instrument controls 

jhe measured change into representa- 
re which is passed along to the 
luto-Pneumatic Control. Control manu- 
BRave established a standard range of 
’ air signal to send out, each fraction 
i representing a measured change in the 


Send today for these two REEVES 


Bulletins on Automatic Process Control 


AUTOMATIC PRODUCTION CONTROL 


AUTO-PNEUMATIC CONTROL 


AUTO-PNEUMATIC CONTROL 


The control is simply a valve positioner and a 
pneumatic piston that is connected to the speed 
shifting mechanism of the Vari-Speed Motodrive. 
Any change in the position of the piston avuto- 
matically changes the output speed of the Moto- 
drive. The position of the piston is determined by 
a “Linear” valve positioner which is operated 
from the 3 to 15 p.s.i. signal which is sent from the 
instrument control. Each minute change in instru- 
ment air pressure is transmitted to the positioner 
and actuates a definite increment of RPM change 
on the Motodrive output speeds. 


H14a-G537 
H14a-M542 


REEVES VARI-SPEED MOTODRIVE 


The Auto-Pneumatic Control may be applied to 
the fractional and integral HP REEVES Moto- 
drives. REEVES Motodrives are available in both 
vertical and horizontal design to meet the most 
exacting space limitations ... are constructed to 
stand the most rugged service, yet are highly 
accurate and sensitive for modern automatic 
speed control. For further details on REEVES 
Motodrives, request the complete Motodrive 
catalog or consult your nearest REEVES repre- 








REEVES PULLEY COMPANY -° 
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another filter problem solved... 


R-F NOISE REMOVED 
FROM ELECTRIC DRILL 











Photo courtesy The Black & Decker Mfg. Co. 








q 


PROBLEM—R-F interference caused by portable electric hand tools 
was once quite a problem for the military. To suppress the noise from 
such small equipment, engineers tried outboard filters and shielded line 
cords. But these proved to be expensive, bulky, and generally incon- 
venient. In addition, leakage current from line to tool frame was 
increased—in some cases to a hazardous extent. 


APPROACH—The Black & Decker Manufacturing Co., maker of the drill 
illustrated above, submitted the problem to the Radio Noise Suppres- 
sion Laboratories of the Sprague Electric Company in Los Angeles. 


SOLUTION—Sprague designed a tailor-made filter which meets all the 
requirements of size, weight, and performance. Eliminating all radio 
noise, the filter is still small enough to be installed in the drill housing. 


FILTER PRODUCTION SCHEDULES for this drill and small electric hand 
tools made by other manufacturers are regularly met by Sprague plants 
on both coasts. Perhaps we can solve your problem too. Write, wire, 
or phone Sprague Electric Co., 11325 W. Washington Blvd., Los Angeles. 
66, Calif. (TExas 0-7491) or North Adams, Mass. (MOhawk 3-5311). 





Sprague on request will provide you with complete applica- 
tion engineering service for optimum results in the use of 
radio noise filters. 








YOU CAN DEPEND ON 


SPRAGUE 


WORLD'S LARGEST CAPACITOR MANUFACTURER 
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of the company, will remain as 
president, and John A. Connon of 
Hamilton will become general man- 
ager. 


Chicago Belting Co. has an- 
nounced a consolidation with its 
two subsidiaries, the Allis Rubber 
Corp. and the Allis Seal Corp. The 
new corporation is to be known as 
the Chicago-Allis Mfg. Corp. 


Predictions Indicate What 
1955 Graduates Can Expect 


Results of a recent survey made 
by the 1955 Midwest College Place- 
ment Assoc., and reported by the 
Engineering Manpower Commis- 
sion, tell college seniors how they 
may stand with regard to jobs and 
salaries upon graduation this year. 
Several companies were asked 
whether they would hire more, less, 
or the same number of college men 
in technical jobs this year as com- 


| pared to 1954. Their answers were: 


More than 1954 

Same 

Lees than 1964 ............ 
About as many think they will 


| need fewer graduates as those ex- 
| pecting to need more. Generally, it 
| seems rate of hiring will remain 


about the same. According to the 
report, the same condition existed 
in 1954. 

In addition, the survey ques- 
tioned companies on the salaries 
they expect to offer. The accom- 
panying table lists salaries that 


Estimated Monthly Salaries 
for 1955 Graduates 


Salary Range B.S. M.S. Ph.D. 
$250 or under 1 ° 
8 








56 14 
53 
1 48 





may be offered technical men with- 
out previous industrial or business 
experience. 

Apparently graduates with a Mas- 
ter’s degree will fare only slightly 
better than Bachelor’s graduates. 
Ph.D’s may expect to do consider- 
ably better salary wise to start. 
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Salaries for nontechnical jobs, also 
listed in the results of the survey, 
indicate they will run about $50 
a month less in each category. 
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“It’s certainly an interesting link- 

age, but I'd like to point out 

that you could replace it with 
a pulley.” 





Stuck-Up Airplanes 
Possible with New Adhesives 


Flying high in a metal airplane 
held together with “glue” may 
sound a little bit shaky, but new 
adhesives and new fabrication 
methods may soon make that a 
reality. Recently developed metal- 
to-metal adhesives may make pos- 
sible new methods of assembling 
aircraft structural parts. Substi- 
tution of adhesives for rivets in 
fabrication of some aircraft com- 
ponents is expected to result in 
structural, weight-saving and eco- 
nomic advantages. 

Discussed in a recent National 
Bureau of Standards report, metal- 
to-metal adhesives were evaluated 
as bonding for sandwich panel and 
sheet-stringer panel construction. 
Sandwich panel construction is 
used in the fabrication of skins 
and floors for pressurized aircraft 
fuselages. These components are 
subject to lateral pressures and 
axial loads simultaneously. 

The outer two layers of a sand- 
Wich panel determine the elastic 
and strength properties of the 
panel. The core, of a light mate- 
nial, keeps these facings from be- 
coming elastically unstable. One 
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AS AN ELECTRIC MOTOR 


Anyone can easily operate the 
new PGT compound planetary transmission by 
merely moving a single hydraulic control lever. With 
two forward and one reverse speeds, instantaneous 
selection is possible because the cushion shift action 
of the PGT prevents shock loading. Shift is made 
from full speed forward to full speed reverse in 
only 12 seconds. 

CONTROLLED BY HYDRAULIC PRESSURE 

The Plan-Gear Transmission has two planetary 
gear assemblies for low and reverse and a multiple 
disk clutch for locking planetaries in direct drive. 
The planetaries are actuated when hydraulic pres- 
sure contracts a band around an anulus or drum to 
provide the desired movement. A built-in oil pump 
provides pressure for actuating controls, lubrica- 
tion, and flow to the torque converter. 

The simply designed, sturdily built Plan-Gear 
Transmission has been tested exhaustively and 
successfully in the field as well as in the laboratory, 
and has proved superior to other more complex 
transmissions. If you have need for a transmission 
with 150 pound-feet continuous input torque, we'd 
like to discuss the matter with you. Write today for 
further information. 





is rated at 150 pound- 
feet continuous input 
torque; self-lubricated, 
constant duty, for use 
with torque converter. 
Standard ratios: high, 
1:1; low, 3:1; reverse, 
3.2:1; optional reverse, 
2.23:1. 


Suggested Uses: 


e Front end loaders 
e Lift trucks 

e Earth movers 

e Hoists and cranes 
e Car pullers 

e Slushers 

e Machine tools 

e Conveyors 

e Power take-offs 
e Truck mixers 

2 Road rollers 


Designed and built exclusively by 


MERICAN GEAR & MFG.CO. 


New Avenue, Lemont, Illinois 


Phone: Lemont 920 


Subsidiary of BRAD FOOTE GEAR WORKS, INC., Cicero 50, Illinois 





SKYSWEEPER 


Our largest, most effec- 
tive protection against 
low flying, high speed 
enemy aircraft — the 
largest (75 mm) cali- 
ber automatic gun in 
our army’s arsenal. 





—and a CARBON BRUSH can operate 
or wreck a great Skysweeper.... 


A tiny brush in the huge program of national defense—but 
how powerful for safety or ruin! Contacts and brushes 
developed, like this one, by the Superior technical staff 
hint at our readiness to ferret out your exact requirements 
—to work long and closely with you as your needs demand. 


SUPERIOR CARBON PRODUCTS, INC. 


9115 GEORGE AVENUE, CLEVELAND 5, OHIO 
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advantage of sandwich construc- 
tion is its relatively light weight. 
Its high bending stress and stiff- 
ness are due to its high ratio of 
cross-sectional moment of inertia 
to weight. Absence of rivet heads 
is another desirable advantage 
from an aerodynamic standpoint. 

Test results of sandwich con- 
struction were compared with theo- 
retical values based on column 
theory. Good agreement was re- 
ported obtained between theory 
and tests for flexural rigidity and 
failure under various loading con- 
ditions. 

Adhesives have been applied to 
the more conventional sheet-string- 
er construction. Most of the outer 
skin of an aircraft consists of a 
sheet with stiffeners attached 
longitudinally to one side. The 
sheet provides the aerodynamic 
contour while the stringers provide 
the necessary strength. Generally, 
the stringers are riveted to the 
sheets. 

An advantage of bonded sheet- 
stringer panels is the broad area 
of attachment between the string- 
ers and the sheet, which reduces 
the unsupported sheet width. As 
a result, the load necessary to pro- 
duce buckling may be increased. 
Inter-rivet buckling and stress con- 
centrations near the rivet heads 
which tend to produce buckling be- 
tween stringers are eliminated. 

Results of tests of bonded sheet- 
stringer panels were reported to 
compare favorably with riveted 
panels except the mode of failure 
in flat-end compression. Here, 
bonded panels were almost com- 
pletely destroyed when maximum 
load was exceeded. Failure of riv- 
eted panels was confined to local 
buckling of the sheet and string- 
ers between rivets. 

Difficulty of inspecting bonded 
joints seems to be one of the most 
important factors standing in the 
way of universal acceptance of ad- 
hesive bonding in aircraft struc- 
tures. According to NBS research- 
ers, small changes in humidity, 
pressure and temperature may pro 
duce imperfections that can de 
crease the strength of the joint. 
Imperfections such as these can be 
detected only by destructive tests. 
Before metal-to-metal adhesive 
bonding can be universally applied 
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must be developed. 


ONE-TENTH OF A PIN- 
HEAD is the size of this 
smallest commercially avail- 
able thermistor. According 
to Thermister Corp. of 
America, the units can be 
heated more than 10 C 
above ambient temperature 
by only 1 milliwatt of elec- 
trical power. They are used 


as sensing units in —. 


tions such as liquid level 


detection 


New Material 
Cools Jet Parts 


Development of a new porous 
metal intended for use in cooling 
high temperature equipment was 
announced recently. Called “Rigi- 
mesh,” the new porous medium is 
being manufactured by Aircraft 
Porous Media Inc. 

In manufacture, warp and woof 
Strands of one or more layers of 
woven wire cloth are welded to- 
gether. A homogeneous plate is 
mechanically formed, with finer 
Openings than the woven wire 
cloth. 

_ Any alloys that can be drawn 
into wire are suitable construction 
materials, the company reports. 
Stainless steel types 304 and 316 
are available for moderate tem- 
Perature service. Alloys such as 
L-605 will be available for higher 
(Continued on Page 48) 
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Ic- to all types of aircraft structures, 
ht. says NBS, either completely reli- 
ff- able fabrication procedures or sat- 2 ee % 


isfactory inspection procedures 


Why pour money into 
expensive machining 
operations? 


POWDERED 
METAL 
PARTS 
can do the 
job for 
much less! 


Tough, intricate parts ready for assembly 
without further processing—at savings of up 
to 600% over identical machined parts! No 
wonder industry chooses Powdermet.* 

Low-cost PM parts are die-pressed to close 
tolerances, have excellent wearability, and a 
wide range of alloys are available—many 
exceeding the tensile strengths of mild steel. 
Through controlled porosity and electrical 
permeability, many special properties are 
achieved ... such as oil-impregnation for 
life-time self-lubrication. That’s why 
Powdermet* parts are often the best parts pos- 
sible for gears, bearings, filters, etc. 

At Yale & Towne, years of experience and 
technological know-how in powder metal- 
lurgy back up every recommendation on PM 
parts for your particular application. 


YALE & TOWNE 


THE YALE & TOWNE MANUFACTURING CO 


Powdered (Metal Products Division 


9335 BELMONT AVE. «© FRANKLIN PARK, ILL. 


The Yale & Towne Manufacturing Company 
Powdered Metal Products Division 
9335 West Belmont Avenue 
Franklin Park, Illinois 
0 Send 0 Send information on PM parts for attached 
Booklet specifications or drawings. 
O Have a Yale & Towne Powdered Metal engineer call on me. 





Have you 


overlooked 


the big reason 


for using 


alloy steels? 


When horsepower was 
increased on the Harley- 
Davidson motorcycle from 
30 to 55, company engi- 
neers were faced with 
designing a transmission 
that could take the tre- 
mendousimpact and stress. 
Republic metallurgists sug- 
gested Republic's 8617 
Alloy Steel. The result was: 
reduction of section; good 
heat treating and carbu- 
rizing properties; more 
horsepower from the same 
size transmission. 
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PAINT REALLY ADHERES to Republic Electro Paintlok sheets. And rust is shut 
out. That’s why these National Biscuit Company truck bodies are made of 
this zinc-plated steel sheet that's chemically treated to take paints, lacquers, 
synthetic enamels — and hold them for years. Tight zinc coating guards 
against underfilm corrosion and creeping rust. Manufacturers of everything 
from truck bodies to caskets have found production costs go down when they 
use these special sheets that hold paint longer and make products look better. 


A lot of people are under the impression 
that alloy steels are used only to get certain 
necessary properties. Heat-treating quali- 
ties, for example. Extra fatigue strength. 
High impact value. High shear resistance. 
Or many other reasons. 


But analysis will show that alloy steels also 
save money. 


There is no better reason for using them. 
In fact, we don’t recommend them unless 
they do save money, somewhere along 
the line. 


ELECTRUNITE CARBON STEEL MECHANICAL TUBING makes some products 
possible (like this ball bushing for linear motion by Thomson Industries). 
Problem here was close-tolerance tubing to house bearings and raceway, 
plus tough wear by bearings at contact points. Republic ELECTRUNITE 
Tubing supplied all these advantages along with good surface conditions; 
good dimensional control, both 1.D. and O.D.; uniform wall thickness; uni- 
form concentricity; uniformity to withstand heat treating. 


It’s just a matter of how much money you 
want to save. And you save the maximum 
when you design parts and process properly 
for alloy steels. That’s where we come into 
the picture. Our 3-D metallurgical service 
will help you get the properties you want in 
your products if your engineers and our 
metallurgists put their heads together. 


Let’s talk things over now before the com- 
petition steps out ahead. A call to your near- 
est Republic district sales office will get 
things under way. Have your secretary do 
it, soon. 


REPUBLIC STEEL 
Weldé Wider Range of Stiudarnd, Sols and, SCL Phsclue 


FREEDOM FROM RUST and corrosion makes any product made of Enduro 

Stainless Steel a good buy. Good example is laundry equipment. 

Made of stainless steel, it resists rust, corrosion and the action of most 

washing compounds and detergents. It's easy to keep clean and attrac- 

tive. And because of resistance to wear, equipment cost can be written 

off quickly. Republic, pioneer in stainless steel, shows manufacturers 
to use it profitably. 
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REPUBLIC STEEL CORPORATION 
3130 East 45th St., Cleveland 27, Ohio 


Please send me literature on these Republic products: 


() Enduro Stainless Steel [(] Mechanical Tubing 
(J Alloy Steels [] Electro Paintlok 


Title. 
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SPEED REDUCERS : 
for every 
industrial purpose 


The three groups of 
Ohio Gear Speed 
Reducer models 
shown here, play an 
important part in 
Industry today... 


THE OHIO GEAR COMPANY 


~ 


1338 East 179 St. * Cleveland 10, Ohio \ 


D SERIES 
25-1 to 3002-1 


HU SERIES 
5-1 to 100-1 


PL SERIES 
5-1 to 100-1 


... These and other units 
are available in single and 
double reduction, ranging 
in ratios from 1-1 to 
4,000-1. Capacities from 
/6 to 15 HP. See your 
nearest distributor or 
write direct. 


ESTABLISHED 1915 
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temperature applications. Heat 
transfer obtained in the new metal 
woven from 0.002 to 0.004-inch 
diameter wire is comparable to 


A section of “Rigimesh,” a newly 
developed porous type plate, show- 
ing the texture of the surface 


that of porous powder-metal ma- 
terials. 

Rigimesh is said to be readily 
machined, welded or riveted in the 
same manner as solid metal. It 
can be made available with direc- 
tional tensile strength properties 
for applications requiring high cir- 
cumferential strength but only 
moderate axial strength. 


First Flight Soon for 
All Magnesium Airplane 


An experimental all-magnesium 
airplane, an F-80 C, is expected 
to be flown for the first time with- 
in the next few weeks. Built by 
East Coast Aeronautics Inc., the 
plane is the second with an air- 
frame made almost 100 per cent of 
magnesium. The first was fabricat- 
ed at the Wright Air Develoy:nent 
Center and has been successfully 
static tested. 

Tests of magnesium compo:ients 
have been conducted over a  um- 
ber of years by the Air Res:arch 
and Development .Command tv de- 
termine the suitability of the metal 
for aircraft structures as a pos 
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sible alternative for aluminum. 
Further, its supply is as nearly 
inexhaustible as any metal known. 
In applications where buckling is 
the controlling design considera- 
tion, magnesium is said to be the 
most efficient structural material 
throughout the usable temperature 
ranges of the light alloys. A thick- 
er skin structure, made possible 
with magnesium, is expected to de- 
crease ground handling damage. 


Electrolytic manganese is being 
produced at the new Marietta, Ohio, 
plant of Electro Metallurgical Co. 
Expected capacity is 6000 tons a 
year when in full production. 
Plates about %-inch thick of 99.9 
per cent pure manganese are being 
made. 


AND EXPOSITIONS 


Feb. 14-18— 

American Institute of Mining & 
Metallurgical Engineers. Annual 
meeting to be held at the Conrad 
Hilton Hotel, Chicago, Ill. Addi- 
tional information may be obtained 
from society headquarters, 29 
West 39th St., New York 18, N. Y. 


Feb. 18-19— 

National Society of Professional 
Engineers. Annual spring meeting 
to be held at Hotel Charlotte, 
Charlotte, N. C. Additional in- 
formation may be obtained from 
society headquarters, 1121 15th 
St., N. W., Washington 5, D. C. 


Mar, 1-3— 

Joint Western Computer Con- 
ference and Exhibit to be held at 
the Statler Hotel, Los Angeles, 
Calif. Sponsered by IRE, AIEE, 
and Association for Computing 
Machinery. William Gunning, In- 
ternational Telemetering Corp., 
2000 Stoner Ave., Los Angeles 25, 
Calif, is conference secretary 
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adjustable SHIMS 


cut assembly costs 
on turbo-supercharger 
for diesel engines 


HIS is only one from thousands 

of laminated shim applications 
throughout all industry. Yet the reason 
for using laminated shims and the gains 
resulting are typical. This shim sets the 
clearance between the nozzle and 
buckets on the General Electric RD3C 
turbo-supercharger. Shimming is essen- 
tial because of the accumulation of 
tolerances. The laminated shim can be 
adjusted quickly merely by peeling— 
and after peeling is always precisely 
uniform in thickness from end to end 
and side to side. Peeling is far easier 
and faster than precision grinding 


which would prove quite costly on 
these extremely large shims. 

Whenever you need shims, call the 
Laminated Shim Company first... for 
fast, complete service. We manufacture 
shims in aluminum, brass, steel—small 
as a fingernail and large enough for 
locomotives...laminated, spot-soldered 
or looseleaf. Produced to ycur own 
precise blueprint specifications. 

For further information and free 
booklet telling all about laminated 
shims and how they're used, please 
write. No cost or obligation, of course. 
Write today! 





SHIM HEADQUARTERS SINCE 1913 


The name Laminum is registered 
with U. S. Patent Office 














What does 
4 * B.” 


mean to you? 




















To some, it means Sand 
Blasting . . . the big blow that 
gives old buildings that new 
look. But, to hundreds of 
industrial designers, it means 
Small Balls...at which 
Universal is best. 


Sure, we make balls from the 
size of a mustard seed up to 
that of a walnut, each of them 
precisioneered for true 
roundness and silken silence. 
Write for details. 





Universal 
Ball co. 


WILLOW GROVE 
MONTGOMERY CO., PA, 


* 
@o 
@° 
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Mar. 7-11— 

National Association of Corro- 
sion Engineers. Eleventh annual 
conference and exhibition to be 
held at the Palmer House, Chicago, 
Ill. A. B. Campbell, 1061 M & M 
Bldg., Houston 2, Texas, is execu- 
tive secretary. 


Mar. 10-11— 

Porcelain Enamel Institute. Pa- 
cific Coast conference to be held 
at the Biltmore Hotel, Los Angeles, 
Calif. Additional information may 
be obtained from society head- 
quarters, Dupont Circle Bldg., 1346 
Connecticut Ave., N. W., Washing- 
ton, D. C. 


Mar. 14-15— 

Steel Founders’ Society. Annual 
meeting to be held at the Drake 
Hotel, Chicago, Ill. Additional in- 
formation may be obtained from 
society headquarters, 920 Midland 
Bldg., Cleveland, O. 


Mar. 14-18— 

American Society of Tool Engi- 
neers. Western Industrial exposi- 
tion to be held at the Ambassador 
Hotel and Shrine Auditorium, Los 
Angeles, Calif. Harry E. Conrad, 
10700 Puritan Ave., Detroit, Mich.., 
is executive secretary. 


Mar. 16-18— 

Pressed Metal Institute. Annual 
meeting and exhibit to be held at 
the Carter Hotel, Cleveland, O. Or- 
rin B. Werntz, 2860 East 130th St., 
Cleveland, O., is managing direc- 
tor. 


Mar. 28-29— 

American Institute of Electrical 
Engineers. Materials handling 
conference to be held at Hotel 
Cleveland, Cleveland, O. Addi- 
tional information may be ob- 
tained from society headquarters, 
33 West 39th St., New York 18, 
N. Y. 


Mar. 28-Apr. 1— 

American Society for Metals. 
Western metal exposition and con- 
gress to be held at the Pan Pacific 
Auditorium, Los Angeles, Calif. 
Additional information may be ob- 


tained from society headquarters, 
7301 Euclid Ave., Cleveland, 0. 


Apr. 13-15— 

American Society of Lubrication 
Engineers. Tenth annual meeting 
and exhibit to be held at the Sher- 
man Hotel, Chicago, Ill. W. P. 
Youngclaus Jr., 84 East Randolph 
St., Chicago 1, IIl., is secretary. 


Apr. 16-17— 

Packaging Machinery Manufac- 
turers Institute. Spring meeting 
to be held at the Palmer House, 
Chicago, Ill. Additional informa- 
tion may be obtained from society 
headquarters, 342 Madison Ave., 
New York 17, N. Y. 


Apr. 18-21— 

American Management Associa- 
tion. Packaging conference to be 
held at the Palmer House, Chicago, 
Ill. Additional information may 
be obtained from society head- 
quarters, 330 West 42nd St., New 
York 36, N. Y. 


Apr. 18-21— 

American Society of Mechanical 
Engineers. Spring meeting to be 
held at the Lord Baltimore Hotel, 
Baltimore, Md. C. E. Davies, 29 
West 39th St., New York 18, N. Y.. 
is secretary. 


Apr. 25-27— 

Association of Iron & Steel En- 
gineers. Spring conference to be 
held at the Statler Hotel, Detroit, 
Mich. T. J. Ess, 1010 Empire 
Bldg., Pittsburgh 22, Pa., is man- 
aging director. 


Apr. 27-29— 

Society for Experimenta! Stress 
Analysis. Spring meeting to be 
held at Hotel Statler, Los Angeles, 
Calif. W. M. Murray, P. O. Box 
168, Central Square Station, Cam- 
bridge 39, Mass., is secretary- 
treasurer. 


Apr. 28-29— 

American Zinc Institute Inc. AD- 
nual meeting to be held at the 
Drake Hotel, Chicago, Il. Addi- 
tional information may be obtained 
from society headquarters, 60 East 
42nd St., New York 17, N. Y. 
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Recent appointments at C. A. 
Norgren Co., Englewood, Colo., in- 
clude that of Leigh H. Norgren as 
vice president in charge of engi- 
neering and production. He has 
been associated with the company 
for eight years. J. A. Wilson, who 
has been a design engineer, super- 
visor of design and drafting, and 
assistant chief engineer since join- 
ing Norgren four years ago, has 
been named chief engineer. He 
succeeds Delbert G. Faust, who 
was appointed to the newly creat- 
ed position of vice president in 
charge of sales and advertising. 


Hjalmar Nilsson has been ap- 
pointed chief engineer of Magnesi- 
um Co. of America, East Chicago, 
Ind. He has been plant engineer 
since 1947 and before that time 
was chief engineer of Beatty Ma- 
chine and Mfg. Co., Hammond, 
Ind. 


General Radio Co., Cambridge, 
Mass., has appointed Dr. Donald B. 
Sinclair vice president of engineer- 
ing. Dr. Sinclair joined the com- 
pany in 1936 and has served as 
engineer, assistant chief engineer 
and, since 1949, as chief engineer. 
A Fellow of the Institute of Radio 
Engineers, he was president of 
that society in 1952. He is also a 
Fellow of the American Institute 
of Electrical Engineers and a 
member of the American Associa- 
tion for the Advancement of Sci- 
ence. 





Ansel H. Graham has _ been 
tamed manager of engineering of 
the Small Integral Motor Dept. of 
General Electric Co. at Fort 
Wayne, Ind. Mr. Graham joined 
the company on the test engineers’ 
Program in 1939, was named man- 
‘ger of engineering for dc armored 
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motors in 1948, and three years 
later was appointed assistant to 
the manager of engineering in the 
company’s former Small and Med- 
ium Motor Dept. In 1953 he was 
named manager of advance and 
development engineering in the 
Medium Induction Motor Dept. in 
Schenectady, N. Y., the position 
he held until his present appoint- 
ment. 


Chain Belt Co., Milwaukee, has 
promoted Bernard Schneider to 
chief engineer for the conveyor 
equipment section. Mr. Schneider 
has spent almost 30 years in con- 
veyor engineering work. 


Michigan Tool Co., Detroit, has 
appointed Clayton E. Scott chief 
engineer. Concurrently, Charles 
R. Staub, chief engineer since 
1936, was named staff consultant. 
Mr. Scott, who was educated at 
Lawrence Institute of Technology, 
joined the firm in 1935. He was 
named assistant chief engineer in 


Clayton E. Scott 



























*Standard, semi-standard and “special” 
air and hydraulic cylinders all assembled 
from large, complete shelf stocks of 
component parts, then tested and shipped 
directly from Ortman-Miller’s modern 
new assembly plant . . . assures the right 
cylinder for the job, delivered 
in LESS TIME! 


A. 


CYLINDERS 


fit where athors won! 
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Write today for 
FREE CATALOG! 


MAIL COUPON NOW! 


ORTMAN-MILLZR MACHINE CO. 
7 143rd Street, Hammond, Indiana 
(J Heve representative call [_] Send latest catalog 
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press down 


try to 
help you 
with your 
design problem? 








universal joint 
assembly 
helped solve 
this 

design problem 


pull out 


These Apex universal joint assemblies have axially-free, spring-loaded con- 
nectors that make it possible to remove or re-position each unit in a matter 
of seconds. This practical, economical drive for machine designers helped 
solve the problem of excessive down-time when changing drilling patterns. 

If you have a design problem that might be solved with universal joints 
or universal joint assemblies, we’d like to offer our assistance. The first 
step is to write, on your company letterhead please, for Catalog 27. In it 
you'll find complete information on all Apex aircraft and industrial universal 
joints, plus some very helpful application data sheets. 


APEX 


universal joints 





THE APEX MACHINE AND TOOL COMPANY 
1036 So. Patterson Bivd, © Dayton 2, Ohio 
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Men of Machines 





Charles R. Staub 


1953. Mr. Staub, having joined 
the company in 1929, has pio- 
neered in the development of mod- 
ern gear production methods and 
machines. He is a member of the 
Society of Automotive Engineers 
and the American Society of Tool 
Engineers. 


Edward G. Wicklatz has been 
appointed manager of Alemite and 
instrument engineering by Stew- 
art-Warner Corp., Chicago. He 
joined the company’s engineering 
department in 1936 as a drafts- 
man. Most recently he served as 
chief engineer of Alemite products. 


Having joined the Cook Re- 
search Laboratories Div. of Cook 
Electric Co., Chicago, as mechan- 
ical development engineer in 1948, 
Benedict J. Pardini was recently 
appointed supervisor of the draft- 
ing and design group. 


A. Robert Teasdale Jr. has been 
appointed to the newly created po- 
sition of chief of electronics <esign 
in the engineering department of 
Temco Aircraft Corp., Dallas, Tex. 
He will supervise design and in- 
stallation of electronics sytems. 
After receiving a B.S. degree i2 
electrical engineering from the 
University of Texas, Mr. Teasdale 
joined General Electric Co., Sche 
nectady, N. Y., as a test engineer. 
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Subsequently he taught at the Uni- 
versity of Texas, where he also did 
research work, and in 1950 he re- 
ceived his M.S. degree from that 
university. Immediately prior to 
joining Temco he was associated 
with Convair’s Fort Worth Div. 


Lewis F. Herron, president of 
the James H. Herron Co., Cleve- 
land, has been elected president of 
the American Council of Independ- 
ent Laboratories Inc. for 1955. 


Dr. Howard Baller has_ been 
named manager of electronics re- 
search for the Engineering Re- 
search and Development depart- 
ment of General Mills Inc., Minne- 
apolis. Since 1949 Dr. Baller has 
been assistant manager of the elec- 
tronics department of W. L. Max- 
son Corp., New York. 


M. R. McLary, who joined the 
division as chief engineer in 1952, 
reently was appointed works 
manager of the Ingersoll Products 
Div. of Borg-Warner Corp., Chi- 


cago. 


Dr. William Firestone has been 
appointed to the newly created 
position of assistant chief engineer 
in the research department of the 
Communications and Electronics 
Div. of Motorola Inc., Chicago. He 
wil be responsible for specific 
phases of departmental adminis- 


William Firestone 
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exact seal < 
you require 


You can achieve the sealing efficiency you want . . . eliminate 
specification problems . . . work unhampered from drawing 
board to production— when you work hand-in-hand with “John 
Crane’s” experienced engineering staff and available facilities. 

Get quick, finger tip information on “John Crane’s” complete 
line of high production mechanical seals—for every conceivable 
service—to meet your particular needs. Send now for illustrated 


technical catalog. It’s your’s upon request. 


TYPE 6-A 


Pressed-in 
packaged unit 
recommended for 
small shafts on hot 
or cold water, oil, 
gasoline or 

soapy liquids... 
pressures to 75 psi 
. » + temperatures 
from —65° F. to 
+ 220° F. Available 
in stainless steel or 
bronze. 


TYPE 19 


An all-purpose 
seal suitable 

for handling 
practically any 
liquid or gas, 
including highly 
corrosive acids 
and oils. 

Low or high temperatures from — 100° F. to +- 
450° F.... pressures to 200 psi. Incorporates 
highly efficient sealing cones made of 

Du Pont’s Teflon, which is inert to practically 
all chemicals. 


TYPE 11-A 


Pressed-in 
packaged unit with 
spring inside 
synthetic rubber 
bellows to protect 
against corrosion. 
For hot or cold 
water, oil, gasoline 
or soapy liquids... 
pressures to 35 psi 
. + . temperatures 
from —65° F. to 
+212° F. 


ore eee eweeee eho moe mem ecaoaca 


Crane Packing Company, 1825 W. Cuyler Ave., Chicago 13, lil. 
In Canada: Crane Packing Co., Lid.,617 Parkdale Avenue, N., Hamilton, Ont. 


CRANE PACKING COMPANY iam 











Od . Wa Men of Machines 
= SI ALY eeccceceee tration and will also continue as 
© head of the advanced investiga- 
tion section of the research de. 
partment. Dr. Firestone received 
his Ph.D. in June 1952 from North. 
> western University. He is a mem. 
Flexon Bellows Pumping Element ber of the Institute of Radio Ep. 


gineers and the American Institute 


Oper ates at 900 str okes/ minute | of Electrical Engineers. 
in New Packless Metering Pump | Charles A. Borcher recent! 


joined the Engineering Research 
Div. of Miller Metal Products Inc. 
At the right is the Hills-McCanna- Baltimore. He is in charge of the 
meter, described by its manufac- Ordn P ° 
turer, Hills-McCanna Co., as “the : ranance Engineering Dept. and 
meter that pumps."’ Through the will supervise and manager mili. 
use of a Flexon Bellows as the tary research and development 


pumping element, the Hills-McCan- = : 
nameter provides precise, positive . ‘3 work in connection with ordnance 
displacement pumping without the * projects. 

use of packing. 














Making his headquarters at a 
new switchgear plant in Scranton. 
Pa., E. A. Williams has been ap- 
pointed manager of the eastern 
switchgear division of Federal Pa- 
cific Electric Co., Newark, N. J 














John O. Forster recently joined 
The Flexon Bellows pumping element Ferber Corp., Englewood, N. J.. 
: BS of the Hills-McCannameter is mounted as chief engineer. He was form- 
VALVE ee = within a reagent head which serves as erly chief engineer of Heli-Coil 
ASSEMBLY | 3 | | a pumping chamber. The down stroke Corp. 


<H | ic | of a reciprocating plunger forces hy- 

[ } Tn oy draulic fluid into the bellows, extending The Guided Missile Div. of the 

i) |. it. This results in a positive displace- Ramo-Wooldridge Corp., Los An 
; | geles, has announced the appoint- 
ment of Dr. Bernard Rasof as 
mathematician and _ aeronautical 
engineer and Frank W. Lehan as 
electronics research engineer. 
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ment of the fluid in the reagent head 
and causes fluid to be discharged 
through the valve. On the plunger’s 
upstroke, pressure is relieved and the 
bellows returns to its free length, draw- 


ing more fluid into the reagent head 


M's 
Xs 


SS 


NT 
SS 
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Ernest Hartford has retired as 
deputy secretary of the American 
Society of Mechanical Engineers 
after 43 years of service. He will 

: ; ' , ee continue to serve the society in 4 
@ Flexonics Corporation supplies bellows and bellows assemblies in . . 

: ; : consulting capacity. 
brass, bronze and stainless steel for vacuum equipment, thermostatic 
devices, pressure controls, packless valves, pneumatic instruments, hy- 
draulic mechanisms, rotating shaft seals and many other services. For 
further information and application data, write for your copy of the 
“Flexon Bellows Design Guide.” And when specifying bellows, be sure 


and specify Flexon Bellows. 


- 
liexonic FLEXON BELLOWS DIVISION 


1339 S. THIRD AVENUE @ MAYWOOD, ILLINOIS 


completing the pumping cycle. The 
pump is designed to operate at speeds 
REAGENT HEAD up to 900 strokes per minute. 




















C. J. Thompson recently joined 
the Aeronautical Div. research and 
development laboratory of Robert- 
Shaw-Fulton Controls Co., Ana 
heim, Calif., as chief design engi- 


neer. 


J. Robert Ferguson Jr. has bee? 


products of Flexonics FORMERLY CHICAGO METAL HOSE CORPORATION named chief engineer of — 
Corporation that : _ 

ab amen industry Manufacturers of flexible metal hose and conduit, expansion development by United States 

for over 53 years. joints, metallic bellows and assemblies of these components. Corp., Pittsburgh. He suce 

In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario | Norman C. Michels, who was ap- 


Fiexon identifies 
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pointed assistant vice president of 
engineering for the Tennessee Coal 
& Iron Div. 


George W. Kessler has been ap- 
pointed chief engineer of the Boil- 
er Div. of the Babcock & Wilcox 
Co, New York. Assistant chief 
engineer of the division since 1953, 
Mr. Kessler joined the company in 
1930. 


Couch-Uthe Co., Elyria, O., has 
appointed Stuart W. George chief 
engineer. He was formerly chief 
tool engineer of National Acme Co. 


Edward H. Freiburghouse Jr. 
has been named manager of the 
new mechanical engineering sub- 
section in the Materials and Proc- 
esses Laboratory of General Elec- 
trie Co., Schenectady, N. Y. 


Dr. Ernest A. Lederer has been 
promoted to the newly created posi- 
tion of chief engineer of the elec- 
tronic tube division of Westing- 
house Electric Corp. at Horse- 
heads, N. Y. 


The appointment of Stanley L. 
Haines as director of industrial en- 
gineering has been announced by 
American Locomotive Co., Sche- 
nectady, N. Y. 


R. T. Zwack has joined Walter 

Kidde & Co., Belleville, N. J., as 
chief design engineer. He was 
formerly staff engineer with the 
Propeller Div. of Curtiss-Wright 
Corp. 


Richard E. Carpenter has been 
promoted to chief production engi- 
heer of ElectroData Corp., Pasa- 
dena, Calif. 


International Business Machines 
Corp, New York, recently named 
Carroll F. Lynch production en- 
gineer, George S. Vermilyea man- 
ufacturing engineer and Paul F. 
Heitz quality control manager. 


Robert F. Griffin has been ap- 
pointed chief engineer of the Her- 
brand Div. of the Bingham-Her- 
brand Corp., Fremont, O. 































































Six Duff-Norton worm gear jacks (shown at left), 
connected by shafts controlled by electric motor, 
adjust leveling rolls on this leveler. 





Here’s a time-tested device 
for adjusting machinery 


It’s the Duff-Norton worm gear 
jack, successfully used by many 
machine builders as a component 
of equipment for precise, positive 
control of linear motion; applying 
pressure; resisting impact. Two 
or more of these jacks can be 
connected by means of shafting 
and mitre gear boxes or any power- 
operated positive control system, 
so that jacks always raise or 
lower under equal or unequal 
loads in perfect unison. Capaci- 
ties range from 5 to 35 tons with 


any raise up to 25 inches; worm 
gear ratios, 8:1 to 45:1; turn of 
worm for each 1 inch raise, 10 to 
180; available in either Acme or 
square threads. Screw ends and 
tops are available in many types 
and can be readily adapted to 
your specific requirements. 
Duff-Norton worm gear jacks 
have been specified by America’s 
leading designers and machinery 
builders for many years. They are 
made in 6 standard sizes or to your 
special order. Write for booklet! 


DUFF-NORTON 


Manufacturing Company 


The Duff-Norton Manufacturing Co. 
P. O. Box 1889, Pittsburgh 30, Pa. 


Please send immediately a free copy of your Worm Gear Jack Booklet. 
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Wagner 


ELECTRIC MOTORS 
.. the choice of leaders 
. in industry 








Heres why the Wagner Type [2 [ 


the [e2 ight [x< ind of motor for your 


A lot depends on the motor you specify to power 
your product. The selection of a Wagner Motor 
will assure: 

Customer Acceptance — that results from the 
recognition of a motor built by a manufacturer 
with a proven reputation for quality motors... 
Customer Satisfaction — that results from uni- 
form trouble-free performance and long- 
life operation... 

Customer Service— possible only when the motor 
manufacturer has the ability and the organization 
to provide immediate repair parts and service, 
when and where they're needed. 

The Wagner Type RK Capacitor-start in- 
duction motor meets these requirements and 


offers the additional advantages shown at the 
right. That’s why the RK is first choice of many 
leading manufacturers of machines and equip- 
ment that require single-phase motors in fraction- 
al or integral ratings up through 5 hp. 


When you standardize on Wagner Motors—you 
get the advantages of a liberal warranty ... of 
nationwide service facilities, with on-the-spot 
service, replacement motors and parts available 
from 25 Wagner-owned Service Branches and 
more than 850 Authorized Service Stations. You 
can also choose from a wide variety of types and 
sizes—single-phase or polyphase—(from 1 125 
to 400 hp). Bulletin MU-185 gives complete 
information—write for your copy. 


WAGNER ELECTRIC CORPORATION 
6404 Plymouth Avenue « St. Lovis 14, Mo., U.S.A 


BRANCHES IN 32 PRINCIPAL CITIES 
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Sterility at the Grass Roots? 


OW WELL ARE today’s engineers measuring up to the con- 
cepts of a profession? “Professionalism in any area of en- 
deavor,” says W. H. Larkin, “is strictly a grass roots affair. 

It is basically a way of life, an understanding of the nature of a 
profession, a realization of its responsibilities, and a willingness to 
assume a fair share of them.” 

By at least one criterion—membership in engineering profes- 
sional societies—the answer is discouraging. Fewer than half of 
those qualified belong to any such society. And even fewer are 
registered by their states to practice engineering. 

Active membership in a professional society costs a little money 
and some time and effort. Why do more than half of our so-called 
profession refuse to pitch in even to that small extent, if only as 
a gesture and a token of their professional spirit? Because, they 
say, the societies don’t do anything for them. Instead, some of them 
are joining collective bargaining groups. 

But disinterest in professional societies and in registration is 
only half the story. In Mr. Larkin’s view, “Altogether too many 
individuals in both groups have no conception of what constitutes 
professional attitude nor what their responsibilities are. The pro- 
fession is all too sterile at the grass roots, the only level at which 
vital lasting growth can take place.” 

A favorite excuse for our shortcomings is “after all, people are 
only human.” Yes, but in defining professional the dictionary in- 
cludes the words “higher motives than mere gain.” If he wants 
to take a lower level of human conduct as his standard, the engineer 
had better forget about striving toward professional recognition. 

Engineering stands at a crossroads. Where our profession goes 
from here lies in the hands of each and every individual who calls 
himself an engineer. If we fail to achieve the recognition that en- 
gineers’ contributions to human welfare so richly deserve, it will 
be largely because of sterility at the grass roots. 


EDITOR 





when, where bo w to use 


HIGH-SPEED PHOTOGRAPHY 


Many words have been written 
on high-speed photography, 
its techniques and successful 
application to specific engi- 
neering problems. From these 
miscellaneous experiences a 
philosophy of planned use of 
high-speed photography at se- 
lect points in the engineering 
program is evolving. This arti- 
cle further develops these 
methods, explains the tech- 
niques involved, and offers 
specific application ideas. 


By William G. Hyzer 


Consulting Engineer 
William G. Hyzer and Associates 
Janesville, Wis. 


HE bursting whine of the high-speed mo- 

tion-picture camera is becoming a familiar 

sound to the engineer in all walks of the 
profession. No longer a laboratory instrument, 
these cameras are practical investigative tools for 
the designer and project engineer. 

High-speed photographic techniques in effect 
“put the brakes on time” so that the eye can ana- 
lyze in acute detail those ultrarapid mechanical mo- 
tions that would otherwise be indiscernible. It’s 
like giving sight to a blind man accustomed to 
feeling and reasoning his way through the dark. 

Retardation of time afforded by this photo- 
graphic method can be as invaluable to the en- 
gineer as the microscope to the biologist or the tele- 
scope to the astronomer. Certainly, being able to 
visually record a motion or a microbe or a galaxy 
and demonstrate it to others for consultation is 
preferable to a hundred expert opinions based on 
speculation alone. 

This technique, although widely used in prac- 
tically all fields of engineering endeavor with con- 
siderable success, is still in its infancy. Like any 
new approach, it is being used haphazardly and too 
often, as a last resort when other methods fail. 
For maximum effectiveness in the organized prod- 
uct development program, it should be applied as 
an integral part of that program—not as an after- 
thought. Its value as an exploratory and investiga- 
tive technique in engineering work should be rec- 
ognized by the design or project engineer so that 
it can be used effectively at the exact points of 
optimum advantage. 


FUNDAMENTALS OF CAMERA OPERATION 


Most companies that maintain their own high- 
speed camera facilities depend upon their plant 
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IN PRODUCT DEVELOPMENT 


Fig. 1—Kodak High-Speed cam- 


era, showing inside arrangement 


photographer to master the op- 
eration of the equipment and, 
in many cases, recommend its 
use. An experienced photograph- 
er, if available in the organiza- 
tion, is probably best qualified to 
operate the equipment. But unless he has excep- 
tional technical ability, he cannot substitute for 
the project engineer in directing its use. To be ef- 
ficient in this capacity, the engineer requires only 
a general familiarity with the fundamental oper- 
ating characteristics of the equipment and its scope 
of applicability. This section will briefly discuss 
these aspects. 

Only commercially available high-speed motion 
picture cameras will be treated in this article. This 
equipment has proved its versatility for the vast 
majority of industrial applications. These cameras 
are portable, utilize standard motion-picture film, 
and are nearly foolproof in operation. 


Time Magnification: In high-speed photographic 
terminology, the ratio of camera frequency to pro- 
jector frequency is aptly called “time magnifica- 
tion.” A motion slowed down to 1/100 of its actual 
speed has undergone a time magnification of 100. 
If the projector frequency is 16 frames per sec- 
ond, the camera frequency required to produce this 
result would have to be 1600 frames per second. 

Obviously, time magnification can be increased 
for a given film record by slowing down the pro- 
jector. The limiting projector frequency is about 
15 frames per second, at which point the eye be- 
gins to detect a flicker in the projected image. The 
maximum practical time magnification obtainable 
under any given set of conditions is the camera 
frequency in frames per second divided by 15. 

Frequency or repetition rate of conventional in- 
termittent motion-picture cameras has a practical 
upper limit of 250 frames per second. With this 


MACHINE DESIGN—February 1955 
























Fig. 2—Fastax 16-mm camera set up for high- 
speed movies of a metal-turning operation 


type of camera the film must be stutionary when 
the shutter is open, then rapidly advanced to 
bring the next frame into position for the succeed- 
ing exposure cycle. Although applicable to cer- 
tain moderately rapid mechanical motions, this 
camera is to a high-speed camera as a magnifying 
glass is to a microscope. 


High-Speed Cameras: Prism-compensating high- 
speed motion picture cameras are truly “time micro- 
scopes.” These cameras cover a range of speeds 
from 150 to 16,000 frames per second. This type 
of camera uses a revolving glass prism and shutter 
assembly to shift the image intermittently, but in 
synchronization with the film as it runs continu- 


151 








ously past the lens. The film literally explodes 
through the camera and is “eaten up” at rates as 
high as 200 feet per second. 

Two prism-compensating high-speed motion-pic- 
ture cameras are currently being manufactured 
in this country—the Kodak High-Speed camera 
manufactured by Eastman Kodak Co. and the 
Fastax camera manufactured by Wollensak Op- 
tical Co., both of Rochester, N. Y. 

The Eastman camera Fig. 1, is a self-contained 
unit utilizing standard 100-foot rolls of 16-mm film 
and with a speed range of 1000 to 3200 frames per 
second. The speed control, consisting of a built-in 
rheostat, is interlocked with the drive motor to 
prevent starting under conditions that would re- 
sult in film breakage. An argon lamp within the 
camera exposes timing marks on the film for ac- 
curately determining the camera frequency. 

Two cam-actuated switches are mechanically 
linked to the film drive mechanism. One switch 
automatically stops the camera at the end of its 
run; the other can be externally connected to syn- 
chronize actuation of the camera with the event 
to be recorded. The camera is capable of speeds 
down to 300 frames per second if input voltage is 
reduced through the use of a step-down autotrans- 
former. 

The Fastax camera manufactured by Wollensak 
Optical Co., Fig. 2, comes in a variety of models. 


t. . he Sige he ish 
f eo p55 see : , 
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The basic camera holds 100-foot rolls of 16-mm 
film and is capable of a speed range from 150 to 
8000 frames per second. The camera is equipped 
with a built-in timing lamp operable from either 
an external oscillator or an ordinary 60-cycle line. 
A separate control box, called a “Goose,” contains 
all the necessary controls for regulating camera 
speed and synchronizing starting of the camera 
with the event to be photographed. An 8-mm ver- 
sion of this camera is available with speeds up to 
16,000 frames per second. Fastex cameras are also 
available that will handle 35-mm film and 250-foot 
rolls of 16-mm film. 

Usually, 16-mm high-speed cameras are pre- 
ferred by industrial users. This film size is ac- 
cepted as the standard for most industrial motion- 
picture work. High-speed films meet the same 
standards as conventional motion-picture films and 
can be shown on standard projection equipment. 


Camera Speeds: The majority of industrial ap- 
plications do not require camera speeds in excess 
of 3000 frames per second. At increased camera 
speeds the task of lighting the subject adequately 
becomes progressively greater, Fig. 3. Heat gen- 
erated by the intense photographic lights is a con- 
stant problem. Often heat is the limiting factor 
in establishing a maximum camera speed for sub- 
jects comprised of heat-sensitive materials. 

Just what does 3000 frames per second mean 
in terms of retarded motion? Imagine a jet air- 
craft streaking through space at the velocity of 


Fig. 3—Left—Lighting used for photo- 

graphing lawn-mower cutting action includes 

direct and reflected sunlight plus incan- 
descent lamps 


Fig. 4—Below—Top view of test setup for 
photographing vibration of the tip of an 
experimental helicopter blade 
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sound. The high-speed camera operating at a rate 
of 3000 frames per second will slow this action down 
to an apparent velocity of 3 miles per hour—or- 
dinary walking speed! 

Take another example—rotational velocity this 
time. A shaft on a synchronous motor rotates at 
3600 rpm. Photographed at 3000 frames per sec- 
ond and projected onto a screen at a projector fre- 
quency of 15 frames per second, the rotating shaft 
appears to make one revolution in 314 seconds. 
The film record consists of a series of individual 
pictures showing the progressive movement of the 
shaft in time increments of 14-millisecond and 
angular increments of 7.2 degrees. 

Effective shutter speed for an individual frame 
is inversely proportional to picture frequency. The 
proportionality factor is 1/5 for both the Kodak 
and Fastex cameras. This factor multiplied by 
the reciprocal of picture frequency in frames per 
second gives the effective shutter speed in seconds. 
In the example cited above the shutter speed would 
be 1/15,000 second and the shaft movement during 
the time the shutter is open would be 1.4 degrees. 


Practical Running Speed: In practice, a 0.002- 
inch blurring of the image is tolerable. This is 
roughly 0.5 per cent of the frame width. Applied 
to the subject field, the movement of the object 
being photographed during the interval that the 
shutter is open should be no more than 0.5 per 
cent of the field width covered by the lens. This 
fact is the basis for the following equation: 


500 8 





cos @ (1) 


in which R = repetition rate (or picture frequen- 
cy), frames per second; W = field width, inches; 


Fig. 5—Acceleration characteristics of high-speed 


cameras, 


which depend largely on individual 


camera characteristics and voltage regulation in 


the power-supply line. 


Frequency (frames per second) 


Picture 


Other camera curves may 
not coincide exactly with these 
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S = subject velocity, ft per second; and @ = 
angle between the line of motion and the film plane, 
degrees. Equation 1 is used to determine the mini- 
mum camera repetition rate for a given subject 
velocity and field size. 

Engineers frequently ask the question, “Yes, we 
know the action can be adequately slowed down, 
but is the amplitude of the motion we want to 
study great enough to be detectable on the film?” 
The answer to this question is “yes” if the subject 
movement is greater than 1 per cent of the field 
width covered by the lens. This relation is expressed 
by 

Ww 


, ; 7 eee (2) 
100 cos 6 


where A = minimum measurable amplitude of mo- 
tion, inches; and W and @ are the same as for Equa- 
tion 1. 

To illustrate use of these equations, a hypotheti- 
cal problem will be outlined and solved. In this 
problem, we are trying to detect and measure the 
vibration frequency at the tip of an experimental 
helicopter blade. Assume the linear velocity of 
the blade tip is 300 ft per second. The camera is 
set up with its optical axis in the plane of the 
blades and intersecting the axis of rotation at an 
angle of 90 degrees, Fig. 4. The tip of each blade 
in succession moves through the camera field. 

Vibration being investigated occurs in a direction 
perpendicular to the camera axis, but parallel to 
the propeller shaft. Assume that maximum cam- 
era speed obtainable under the existing lighting 
conditions is 3000 frames per second. What mini- 


Fig. 6—Projection technique which per- 


mits close of the projected i oe 
without ing the f Projec- 
tor controls are close at hand, and reflec- 


tion from the mirror corrects i -re- 


mmage 
versal which would be caused by project- 
ing directly on the back of the translucent 























mum amplitude of vibration can be evaluated un- 
der these conditions? What practical limits of fre- 
quency of vibration can be clearly resolved? 

By applying Equation 1 the field width W can be 
determined: 
500 500 (300) 


w= — = —————— = §0 inches 
R 3000 


Substitution of this value into Equation 2 gives 


Ww 50 
a= = 
100 100 





= 0.5-inch 


which is the minimum amplitude of vibration that 
can be observed. The blade tip would pass through 
the camera field in about 13.9 milliseconds, since 


8 12(300) 


Maximum time magnification afforded by a cam- 
era speed of 3000 frames per second is 200. The 
vibrating propeller tip would be visible on the 
screen for (200) (0.0139) seconds or 234 seconds. 
If the period of vibration is greater than 0.0139- 
second, less than one complete cycle of vibration 
will be captured by the camera as the blade tip 
passes through the field of view. The frequency 
that corresponds to this period is 72 cycles per sec- 
ond (1/0.0139). About 3000/72 or 42 frames of 
movie film will be devoted to recording this one 
complete cycle. If the vibrating frequency of some 
part should be in excess of 1000 cycles per second, 
only 2 or 3 frames would be devoted to each com- 
plete cycle, making a quantitative evaluation very 
difficult. Under these conditions the vibration 
frequency might be in phase with the picture fre- 
quency of the camera, and not be detected at all. 


Duration of Run: One thing that must be kept 
in mind in determination of picture repetition rate 
for a given application is the inverse relation be- 
tween this factor and duration of run. 100-foot 
rolls of 16-mm film are made up of 4000 individual 
frames. The first 15 to 25 feet of film, or approx- 
mately 750 frames, are consumed in the camera 
starting transient at higher camera speeds, Fig. 
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Fig. 7—Simultaneous  re- 
cording of electrical and 
mechanical characteristics of 
a solenoid. Mechanical ac- 
tion is registered on a dial 
gage. Electrical character- 
istics are measured by pho- 
tographing an oscilloscope 
trace (right side of photo) 
by using an optical beam 
splitter 


5. A true plateau in the acceleration curve is not 
reached in the first 750 frames, but the picture 
frequency after 750 frames is sufficiently constant 
for most analytical purposes. That leaves about 
3250 frames to record the action. 

Approximate duration of an event that can be 
recorded on usable film is obtained by dividing the 
mean picture frequency into these remaining 3250 
frames. Mean picture frequency refers to the pic- 
ture frequency at the midpoint of the usable film 
strip, or at a point about 60 feet from the beginning 
of the film. Mean picture frequency (MPF) is a 
more useful expression of picture repetition rate 
for a given film record than the often-used maxi- 
mum or terminal frequency. At speeds less than 
3500 frames per second the two values are practi- 
cally identical. As an example of the above re- 
lation, the effective duration of run at a camera 
speed of 3000 frames per second would be 3250/ 
3000 or about 1 1/10 seconds. 

When the event must be synchronized with the 
camera, an allowance must be made for the camera 
starting transient. This duration can be roughly 
determined by dividing the mean picture frequency 
(in fps) into 2000. At 3000 frames per second for 
instance, 2000/3000 or 0.67-second is required to 
bring the film up to suitable speed. 

Certain critical applications may require a rel- 
atively constant picture frequency. The usable 
film record under these conditions is restricted to 
the plateau region of the film acceleration curve. 
Fig. 5. These applications are rare, because with 
timing marks exposed on the edge of the film, a 
constant film speed is not a prerequisite for an 
accurate time evaluation. The time duration of 
the plateau region is inversely related to the pic- 
ture frequency, making synchronization very diffi- 
cult at high taking speeds. 

Length of film consumed in reaching the begin- 
ning of the plateau is approximately 


pe a SA ie or thf ncwnsd ewosnnates <n 


where L = length of film to reach plateau, feet; 
and R = picture repetition rate, frames per second. 
This relationship is only approximate, since each 
camera displays its own individual acceleration 
characteristics. Variation in picture frequency 
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might be as great as 25 per cent over the “plateau” 
region given by Equation 3. 

The plateau extends to the trailing end of the 
film or (100 — L) feet. At a picture frequency of 
3000 frames per second, 55 feet of film are con- 
sumed in accelerating the film to running speed. 
Length of the plateau is 45 feet. Since there are 
1800 frames in 45 feet of film, duration of run at 
maximum speed is 1800/3000 or 0.6-second. At a 
picture frequency of 7500 frames per second the 
plateau is nonexistent. 


Projection and Auxiliary Equipment: Interpre- 
tation of the projected results is facilitated by 
using a projector that is reversible and that can be 
stopped for single frame projection. With equip- 
ment of this type localized portions of the film 
can be run back and forth or stopped for more 
detailed study. It is possible to splice several feet 
of film into a continuous loop and achieve the 
same result without manually recycling the action. 

Quantitative interpretation is made easier by 
superimposing horizontal and vertical lines on the 
projected image. This can be achieved by painting 
a grid onto a large sheet of white paper which 
serves as the screen. A more convenient method 
of analysis is made possible by projecting the image 
onto a translucent screen that can be observed from 
the opposite side, Fig. 6. The projected image in 
this case is not obstructed by shadows cast by 
those observing the film. 

A special instrument has been developed by 
Vanguard Instrument Corp. to permit accurate 
evaluation of high-speed motion pictures. This in- 
strument, in which the film can be either manually 
or automatically transported, utilizes movable cross- 
hairs and a rotatable projection head for obtaining 
accurate linear and angular measurements. A me- 
chanical counter records the frame number that is 
being observed. Timing marks on the edge of the 
film are visible to the observer, so that the precise 
relation between image displacement and time can 
be determined. 

For most applications a 60-cycle excitation source 
is sufficiently accurate for timing the event. Under 
this condition the timing marks will be produced 
at 1/120-second intervals on the moving film. At 
3000 frames per second, the spacing between suc- 
cessive marks is 25 frames. If the exciting fre- 
quency is in the form of a sine wave, the in- 
dividual marks will not be critically defined at the 
two ends. A square-topped wave of higher fre- 
quency is preferable for applications in which ex- 
treme precision is required. 


PLANNING PRODUCT DEVELOPMENT USES 


In an effort to pinpoint areas for the planned 
use of high-speed photography in product develop- 
ment, a hypothetical program will be outlined. At- 
tempt wili be made to touch upon divergent phases 
of the subject, as faced by both large and small 
companies in widely dispersed fields. The outline 
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HIGH-SPEED PHOTOGRAPHY 


is presented, not as a pattern to follow, but more 
as a systematic tabulation of ideas to draw from 
and apply to particular problems. 


Basic Research: Substantial portions of the basic 
data that the designer relies upon in designing the 
product may be derived from high-speed photo- 
graphic studies made during research phases of the 
project. Film records obtained by this technique 
may be further interpreted to gather specific de- 
sign information not otherwise available. 

As a practical example, build-up of stresses in 
transparent plastic models undergoing dynamic 
loading have been studied by combining photo- 
elastic stress-analysis methods and high-speed 
photography. Problems involving impact, vibra- 
tion and stress are a frequent target for the high- 
speed camera. 

Photographic investigation of rapid chemical 
reactions, flames and explosions has provided a po- 
tent source of information for many diversified 
industries. One example is the highly successful 
experimental studies on knock or autoignition in 
gasoline engines. 

Photography has been applied to the study of 
air flow through blowers and electric motors, not 
to mention wind-tunnel studies on airfoil sections. 
Usually smoke is injected into the air stream to 
trace out the streamlines. Similar techniques have 
been employed in hydraulics, where colloidal sus- 
pensions of double-refracting materials are added 
to water and then photographed through circular 
polarizers. Shear-stress lines in the fluid are thus 
made visible for analysis. In this same area, high- 
speed photography has been used to investigate the 
damaging action of liquid cavitation in pumps and 
ship propellers and the boundary conditions exist- 
ing in transition from laminar to turbulent flow. 


Idea Appraisal: Assume that the proposed prod- 
uct is a mechanism of some sort with rapid-acting 
mechanical parts. The first task of the engineering 
group is to assess the generalized or “first-idea” 
specifications in terms of specific design feasibility. 

One of the basic steps in this program might 
be to test competitive products and evaluate them 
in terms of the proposed design. The engineering 
team assigned to this job must correctly evaluate 
this data in terms understandable to a nontechnical 
management. 

In what way does high-speed motion-picture 
photography fit into this picture? High-speed films 
may reveal imperfections in competitive product 
performance and point the way toward improved 
design. By observing the action of competitive 
models in acute detail the engineer can more ac- 
curately assess the functional characteristics of 
critical components. Moreover, the films are a 
permanent record of the mechanical] action in its 
simplest form—understandable in most cases even 
to a nontechnical observer. These pictures, prop- 
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for a more complete understanding of the problem 
and leave less room for doubt in making the final 
managerial decision. 

Depending upon the extent and nature of the 
basic idea, it may be necessary to construct actual 
working models to test out basic theories. At this 
stage it is important to derive every last bit of 
information from an experiment. High-speed 
photography is invaluable in this phase of the in- 
vestigation because it not only slows down actions 
so that they can be analyzed, but records them 
permanently for others to see and comment on. 


Design Studies: After the full-scale design and 
development program is started, mock-ups com- 
prising various critical components of the machine 
may be designed and tested. Here, drawing board 
theories are inexpensively proved or disproved. 

Photographic motion analysis applied to the study 
of high-speed components in the mock-up stage can 
provide the engineer with design data obtainable no 
other way. In some cases these models become, in 
effect, specialized laboratory instruments more 
complex than the proposed product itself, with 
provisions for precisely varying and controlling di- 
mensions, position, stress and actuating velocities of 
component parts, along with inherent means for 
measuring results. 

Carefully set up experiments of this type, in 
which various parts of the mock-up are altered in 
sequence and photographed in action, result in 
quantitative records. Precise design criteria can be 
obtained in this manner along with information 
that is invaluable for the establishment of pre- 
liminary specifications and tolerances. 

It may be found advisable at this point to de- 
termine experimentally the velocities and accelera- 
tions certain crucial parts are subjected to in the 
design. These factors can be accurately determined 
from the original film record by taking measure- 
ments from successive frames on the film. High- 
speed photography is particularly valuable when 
the motion is nonperiodic or transient in nature, 
Fig. 7. Under these conditions stroboscopic light 








erly presented to management, can pave the way 





techniques are difficult, if not impossible, to apply. 
Quantitative data obtained makes it possible to cal- 
culate centrifugal and inertia forces, dynamic 
stresses, synchronization between components, ac- 
tuation times, and duration of certain operations. 

A cigarette lighter manufacturer, developing a 
new type of spring-actuated lighter mechanism, 
for example, employed high-speed photography to 
advantage at this point in the design program. A 
specific correlation between spark intensity and 
such contributing factors as flint-wheel velocity, 
flint pressure, flint and wheel alignment, and wheel 
diameter were required as a prerequisite to finaliz- 
ing the design. A special machine was designed to 
simulate the action of the proposed lighter mech- 
anism. The device was constructed so design pa- 
rameters could be varied with considerable flexi- 
bility. 

High-speed films made it possible to observe the 
spark scintilla growth patterns in acute detail. 
Erratic movements of the wheel as teeth dug into 
the flint were also disclosed by the camera. The 
importance of a large wheel diameter, a controlled 
acceleration characteristic, and a loosely fitting 
wheel-arbor became evident as a direct result of 
these experiments. An interesting quantitative 
study of the films clearly indicated that the spark- 
formation process is explosive in nature. The in- 
dividual burning flint particles are not thrown off 
of the wheel by centrifugal force, as one might 


Fig. 8—Method used with the Kodak 16- 
mm camera to photograph electrical contact 
bounce and a simultaneous oscillograph 
trace, 4. The oscillograph trace, 5, is pro- 
jected the back of the film. An 
ne film frame, ¢, carries both the visual 


record and oscillograph trace 
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peripheral velocity of the wheel. 

The problem may be to determine the magnitude 
of dynamic strains in certain critical components 
of the mechanism at this stage. Measurement of 
inertia forces on certain components may be facil- 
itated by attaching an accelerometer to the part 
and recording the action with the high-speed cam- 
era. The accelerometer may be nothing more than 
a small weight supported on the end of a flexible 
leaf. The opposite end is securely attached to the 
body undergoing acceleration. Magnitude of deflec- 
tion in the shaft is a direct function of the ac- 
celerating forces at the point of connection. 

A more rigorous determination of dynamic strains 
is possible using electrical strain gages cemented 
to the component. A high-speed camera with a 
streak attachment makes it possible to simultane- 
ously record on the same film the actual event and 
the oscillographic pattern transmitted by the strain 
gage. Streak attachments are available for both 
the Kodak and Fastax cameras. An entirely sepa- 
rate optical system is used to record the oscillo- 
graphic trace. The continuously moving film pro- 
vides the time base. With the Kodak camera the 
oscillographic record is projected through the back 
of the film, Fig. 8, and is superimposed on the im- 
age produced by the normal taking lens. 

In this same general field of instrumentation, 
the high-speed camera has been used quite suc- 
cessfully to record rapid movement of instrument 
needles and liquid levels in manometers. Maybe 
a certain dynamic pressure effect needs to be 
recorded. A simple manometer photographed in 
action may provide the answer. 

Obviously this method is most applicable to low- 
pressure disturbances. High-pressure transients 
are best studied photographically by recording the 
deflection of a flexible diaphragm in the pressure 
chamber. A mirror cemented to the diaphragm can 
be used to reflect a narrow beam of light onto a 
scale several feet away. A second mirror attached 
to an adjacent, nondeformable section of the pres- 
sure chamber can be used to reflect an “index spot” 
onto the scale. This averts any trouble from rel- 
ative movement of the light sources, pressure 
chamber and scale. The high-speed camera would 
be used in this setup to record rapid movement on 
the scale of the spots of light. 

As a practical example of photographic record- 
ing, the Forest Products Laboratory of the United 
States Department of Agriculture’s Forest Serv- 
ice employed high-speed photography to record 
dial indicator readings in connection with rapid 
loading tests on wocd. In a typical setup, Fig. 9, 
20 dial readings showing deflection of the speci- 
men were required within 1/10-second. A clock 
making one revolution per second was included in 
the field of view, revealing on each individual frame 
the relation between the time factor and the di- 
mensional displacement evident on the gages. 


Prototype Testing: So-called “bugs” are prev- 
alent in any first model of a new design. If the 
mechanism is a rapid-action device, these “‘crea- 
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expect, but have velocities much in excess of the 


tures” can become very elusive indeed! Slow the 
mechanical action down, so it can be seen, and the 
defects disappear. Speed it up again, so everything 
is a blur like it’s supposed to be, and the trouble 
reappears. With the high-speed camera, function- 
ing of critical parts can be observed when the ma- 
chine is operating at its optimum speed. Guess- 
work isn’t necessary. Precise visual data is avail- 
able upon which to base a decision. 

For high-speed motion picture photography to be 
effective, the parts causing trouble must be visible 
to the camera. Again, careful planning pays off. 
If trouble is anticipated within a certain component 
of the machine, provision should be made for visual 
access to this region if possible. In most cases a 
clear plastic window serves the purpose. If later 
insertion of a window entails a major dismantling 
job, a lot of time and expense can be saved by an- 
ticipating the need for a transparent port and pro- 
viding it in the prototype machine as a design 
feature. 

Potential design or constructional weaknesses 
can often be discovered in a prototype model by 
the exploratory use of high-speed photography. 
These imperfections may lead to a premature break- 
down, or if the tolerances are not sufficiently close, 
a continuous malfunctioning of subsequent models. 
It may be advisable to survey all critical areas with 
the high-speed camera strictly as a precautionary 
measure. 

A Midwest manufacturer of automatic produc- 


Fig. 9—Test setup for recording dimensional changes 

in wood due to dynamic loading. Twenty readings 

were required within 1/10-second, obtained with 
high-speed photography 


Photo, courtesy U. 8. Forest Service, Forest Products Laboratory 
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tion machinery had trouble with one of his proto- 
type model machines and high-speed photography 
was employed to help locate it. Several films 
were taken of the general area in which the trouble 
existed. In analyzing these films, not only was the 
immediate problem solved, but two other defects 
were detected that could have resulted in malfunc- 
tioning at a later date. 


Pilot Run: Close co-operation between the de- 
signer and the process engineer is an important 
prerequisite for success during the pilot run. Man- 
ufacturing problems are certain to arise which may 
result in a request for changes in material or di- 
mensional specifications. Certainly, before changes 
are authorized, every effort should be exercised 
to remedy the difficulty at the source. Again, high- 
speed photography deserves attention as a tech- 
nique applicable to this task. 

High-speed photography can be depended upon 
to aid in the observation of almost any manu- 
facturing problem that is normally a blur to the 
eye if the area to be studied is accessible to the 
camera. Mirrors may be necessary in order to 
gain optical contact with the region under investi- 
gation or to reflect light into dark areas. Some 


production processes, such as certain metal-spin- 
ning and extrusion operations, are self-luminous 
and do not require additional lighting. Arc-weld- 


ing processes, for instance, have been a frequent 
subject for the high-speed motion picture camera, 
particularly in full color. Photographs made in 
color bring out the multi-chromatic phases of the 
self-luminous are that would otherwise be difficult 
to resolve. 

Photographic techniques have been applied suc- 
cessfully to most machining operations, including 
drilling, tapping, grinding, milling and planing. 
Other manufacturing processes might involve 
stamping, drawing and extrusion operations or 
mixing spraying and pouring actions. 

In setting up the high-speed camera study, all 
the necessary information for eventual analysis 
should be recorded—either on the film or on paper. 
It pays to make a careful preliminary analysis of 
the operation to be certain that all critical areas 
are covered by the test. It may be advisable in 
some instances to scribe reference lines on de- 
formable parts or to put index marks on movable 
components. Pieces that run continuously through 
a machine might be conspicuously numbered or 
marked so that they can be compared with the 
film record when the final analysis is made. It is 
difficult to anticipate just what the photographs 
will disclose. Having the actual pieces on hand for 
physical analysis and direct comparison with the 
film record often eliminates guessing. 


Final Development Stages: Once the manufactur- 
ing aspects of the new product have been proved, 
all divisions of the company become actively en- 
gaged in the final stages of development. Sales 
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literature, instruction books and service manuals 
are prepared. Consumer or field tests are initiated. 
Engineering drawings and specifications are final- 
ized. Cost figures are tabulated. A sales train- 
ing program is instituted. In supplying technical 
information to these various groups, the designer 
may find high-speed photography to be a great 
deal of help. 

Take, for instance, the preparation of sales lit- 
erature and instruction manuals. Quantitative 
data obtained from the films may form the basis 
for specific performance figures. If actuation time is 
a critical factor for a particular product, successive 
pictures enlarged from individual frames might be 
used to illustrate the rapidity of action by com- 
parison to similar pictures of a common light bulb 
bursting or of an electric fan revolving. Or the 
enlargements might be used to guide the artist in 
pictorially describing certain high-speed operations. 
In some instances the prints themselves could be 
substituted for artist’s drawings, and would cer- 
tainly provide a more factual representation of 
the motion than the artist could hope to achieve. 

A sales training program, designed to acquaint 
the salesman with the new product, wouldn’t be 
complete without the demonstration of high-speed 
films, if they are available. What better way is 
there to gain a fundamental familiarity with the 
functional aspects of a complex, rapid mechanical 
action than to actually see it in ultra-slow mo- 
tion? These same films might be valuable to the 
sales department as a cornerstone for a sales-pro- 
motional movie to be used in dealer training or to 
be shown before technical societies or the general 
public. 

A Chicago manufacturer of electrical switches 
prepared a 15-minute high-speed motion picture for 
educational purposes to demonstrate their product 
in action. Shown before engineering societies and 
technical groups, this film gives the engineer a con- 
cept of the functional details and operating prin- 
ciples that contribute to sound switch design and 
application. New switches in the company’s line 
were promoted through the use of this medium. 

Field tests may uncover constructional or design 
weaknesses peculiar to only a small percentage 
of the new-product units. It may be advisable to 
substantiate these complaints by studying the ac- 
tion of defective units with high-speed photography. 
These films become a permanent record of the ac- 
tion prior to disassembly, useful as a guide to prod- 
uct improvement. 

Availability of production parts makes it pos- 
sible to test several models of the product assem- 
bled from components that cover the entire toler- 
ance range. This verification by experimentation 
is sound engineering practice in areas of critical 
dimensioning. High-speed photography can be ap- 
plied here to reveal conflicting action and general 
smoothness of operation. 

High-speed photography has fertile ground in 
which to grow in this general field of organized 
product development. Scope of its application is 
limited only by the resourcefulness and vision of 
those who put it to work. 
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CANNING the field 
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ia sini Time DELAY is controlled by escape of 
trapped inert gas through ceramic plug pores, 

in a relay built by Adams and Westlake. Length 
a of delay in this mercury plunger-type relay is 
Hefrectory determined by porosity of the plug material. Al- 
materia! ) though the period is fixed and nonadjustable, 


it is immune to normal line voltage fluctuations 
or effects of ambient temperatures through the 
range of —38.8 to 200 F. 

When the normally open, slow-make relay 
shown is energized, the coil pulls the plunger 
down. The plunger displacement causes the 
mercury level to rise. Mercury enters thimble 
~Mercury through orifice and traps inert gas in the space 
above the orifice entrance. Gradually the mer- 
cury displaces the gas which escapes through 
ceramic plug until electrical mercury-to-mercury 
contact is made; the center cup of mercury and 
Coil | the outside volume of mercury are connected to 
the center and outside electrodes, respectively. 
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Since PLASTIC CAM permits selective programming 
of several electric circuits in appliance timer designed by the 
R. W. Cramer Co. Inc. Entire time program is molded on both 
sides of a rotating shaft- 
mounted cam. This unique 
design feature not only 
eliminates multiple cam 
keying, but also assures a 
high degree of timing ac- 
curacy and exact repeat 
cycling. Shallow’ timer 
construction which results 
from using a single thin 
cam permits easy installa- 
tion in restricted areas. 
Controlling up to 12 cir- 
cuits in a wide range of 
timed sequences, the timer 
is driven by high-torque 
synchronous motor. 
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‘Traversina ROTOR in induction motor simplifies design of in-line drill- 





ing units developed by the Black Drill Co. Major advantages claimed for using 
this design principle here are higher drilling accuracy, lower vibration, and 
a minimum of working parts. Rotor and shaft are pneumatically shifted 
by a simple air cylinder through approximately one-third of the rotor length. 
Torque loss at maximum out-of-field position is only 25 per cent. The unit 
is designed to provide required horsepower at extreme position of stroke. 
Additional iron is used in the motor to increase the saturation point, giving 
rated horsepower when rotor is at maximum out-of-field position. 





MACHINE DESIGN—February 1955 























MACHINE DESIGN—February 1955 





Aromatic TRANSMISSION for dual V-belt drive uses 
two centrifugal clutches. Sensitivity to torque as well as 
speed provides differential action also. A design developed 
by V-Plex Clutch Div., Light Inspection Car Works, utilizes 
two variable-pitch sheaves. When the drive operates at 
idling speed, the belts slip and there is no output. When 
crankshaft speed reaches the engagement setting, centrif- 
ugal governors bear against the floating cones, moving 
them apart toward the fixed-position end flanges. As speed 
increases, after load is picked up, added centrifugal gov- 
ernor pressure exerted on the floating cones forces the 
belts outward toward the maximum pitch diameter of the 
sheaves. Axial wedging force of the governors is balanced 
by the wedging force of the belts in the sheaves. Hence, 
with added load resistance—higher belt tension—the belts 
force the sheave halves apart, overruling the governor, and 
drop back to “low gear.” Since the central parts of the 
unit are free to float axially, belts operate at different 
pitch diameters if belt tensions differ. This feature is use- 
ful in dual traction-wheel driven equipment in that each 
wheel takes its proper share of the load. If one wheel 
slips, the pulling power on the other one increases. 
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Complex or nonlinear design problems 
can often be simplified with an 


ANALOG APPROACH 


By David A. Lieberman 


Development Engineer 
Askania Regulator Co. 


Chicago, Ill. 


Fig. 1—Butterfly valve characteristics is 
an example of a non-linear component 
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ETWEEN the statement of a problem and 
its numerical answer lies its method of solu- 
tion. Certain tools are necessary to effect 

that solution; some are relatively simple and easy 
to use, others are complex and require great skill 
on the part of the operator. 

Each problem, depending upon its complexity. 
requires tools of different caliber. Problems involv- 
ing simple linear relationships do not require the 
complex procedures involved in the solution of 
more complex problems. 

Often attempts are made to solve problems in- 
volving complicated relationships with the meth- 
ods or tools successfully used for the more simple 
solutions. Sometimes the designer is successful. 
but often he is not. 

Most problems are not simple linear relations. 
Nonlinear relationships, such as the valve example 
illustrated in Fig. 1, predominate. An “ideal” 
valve, having the characteristics shown by the 
dashed line, increases flow in direct proportion to 
valve opening. The butterfly valve, however, is 
nonlinear. At small openings there is only a small 


Fig. 2—Point by point analysis of a non- 
linear variable characteristic. The variable 
is assumed constant throughout each sec- 
tion into which it has been divided 








x Xs 


Distance Through Cooler 


MACHINE DESIGN—February 1955 
































Output 4 








npu 





Distance Traversed 








oe 


Fig. 3—Relative time functions of the positions 
of input and output members of a loosely coupled 
linkage. The output time function can be ap- 
proximated by a phase shift and attenuation of 
the input. The accuracy of approximation in- 





Time 


change in flow rate. Finally, a saturation is 
reached where there is no increase in flow at the 
widest openings. This discrepancy between ideal 
linear and real nonlinear observations exists in 
many fields. A slight reshaping of the butterfly 
valve curve, for example, would give the charac- 
teristic B-H curve for a magnetic core. 

Several approaches to a nonlinear problem are 
possible. Some of the methods even though known 
to be naive, may be used to obtain satisfactory 
answers in far less time than a more thorough 
approach. 


Possible Approaches: Simplest approach is to 
ignore the nonlinear aspects of the problem and 
solve it by linear means. In elementary engineer- 
ing problems, inductances are assumed to be of 
constant permeability, fluids assumed incompres- 
sible and heat transfer coefficients do not vary. In 
some cases results are sufficiently accurate. Gen- 
erally, however, this approach should be confined 
to the engineering classroom where the student is 
taught to question and understand approximations. 

A more refined approach is to assume that the 
nonlinear aspects of the problem are linear over 
certain ranges. Some transformer manufacturers 
use this method by assuming they will operate 
on an assumed linear portion of the B-H curve. 
By not approaching the saturation region, they ef- 
fectively establish a volts per turn value for all 
windings on the core. However, experience dic- 
tates the use of mysterious correction factors when 
necessary for economic reasons. 

This method then consists of a purposely incor- 
rect assumption corrected by results brought to 
light by experience. It is an excellent method, 
provided the answer has already been determined 
by experience. 

A third approach involves the assumption that 
the nonlinear elements are linear for small changes 
of the independent variable. Fig. 2 illustrates a 
point by point analysis of a nonlinear variable. The 
variable in each of the minute sections into which 
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creases as the backlash distance is decreased 


the curve is divided can be assumed constant. 
Equations can be written for a single point in each 
section and are a good approximation of the entire 
section. Then solving all the equations and match- 
ing up the boundary conditions at points between 
sections give a series of results which describe the 
system throughout the entire range of the variable. 
Obviously, with smaller sections greater accuracy 
would result. 

A recent approach studies the nonlinear element 
by means of its effect on a sinusoidal change in the 
input variable.1 A graphic example of this ap- 
proach is given in Fig. 3. The input to the loosely 
coupled linkage is sinusoidal; the output is roughly 
sinusoidal. The method closely describes the effect 
of the nonlinear linkage by an amplitude change 
and a phase shift in the output in the manner 
similar to the transfer function of a linear element. 
Either or both the amplitude and phase change 
may be functions of input variable amplitude as 
well as frequency. From this, a describing function 
is set up. This describing function illustrates the 
amplitude and phase change in the form of an 
operator. The operator is then used along with 
the transfer function to analyze the circuit by the 
usual methods of feedback analysis. 

The assumption has been made that such an 
operator can be used, based on a Fourier analysis 
of the output of the element with sinusoidal input. 
A further assumption is that all harmonics beyond 
the first have little effect upon the circuit. 

A graphical approach is often quite valuable but 
almost always long and painstaking. Once a solu- 
tion is found, a great deal of additional work must 
be repeated for each parameter change. 


Basic Analog Principles: The basic analog ap- 
proach is not new. For example, ship models are 
built to test new hull designs rather than building 
a full-scale vessel. Observation of the scaled-down 
analogy of the proposed vessel yields performance 


tReferences are tabulated at end of article. 
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data under conditions analagous to those the ship 
will be expected to face. 

With models, the model builder makes the as- 
sumption of linearity. He assumes that if he re- 
duces all dimensions in proportion and tries propor- 
tionally small disturbances, he can project his an- 
swers back to full scale. People who used this 
particular analog approach have learned a good 
deal from experience. In application to a new 
field, however, a question of accuracy might be 
raised, and thus an alternate analog approach is 
suggested. 

This alternate approach is, in a sense, a full- 
scale model. Various elements and variables of 
the analog, however, no longer resemble the device 
in form. In particular, the electric analog com- 
puter uses voltages whose magnitudes are the ana- 
logs of variables and uses resistors, capacitors and 
inductances as analogs of the original elements.” 

Some of the more basic principles of analog com- 
putation are quite obvious. A potentiometer, for 
example, with a voltage impressed across it and 
a voltmeter between one end and the moveable 
brush is actually multiplying the input voltage by 
a ratio of resistors. The voltmeter reads an out- 
put voltage which is the product of the input volt- 
age and the ratio. Suppose the input voltage is 
made analogous to acceleration, the potentiometer 
setting analogous to mass and the output voltage 
analogous to force. The result is a rather useless 
analog computer which, for any given mass, will 
tell the force necessary to cause various accelera- 
tions. Also, for a given acceleration the potenti- 
ometer can be adjusted to find the mass that will 
be given this acceleration by a particular force. 

Among the other basic parts of an analog com- 
puter are amplifiers for multiplication by a constant 
greater than 1. Cathode followers may be required 
to prevent loading of potentiometers. Special feed- 
back circuits around basic amplifiers give quite 
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simple linear problem is the classical mass, dashpot 
and spring problem. A mass M resting on a plane, 
Fig. 4, with which it has a viscous damping co- 
efficient D, has its motion restrained by a spring 
of constant K. The well known equation of mo- 
tion is: 


ad2x dx 
+ D— + Kz = Fit) 
dt2 at 


M 





where x is the displacement and F(t) is the driv- 
ing force. 

From an analog computer standpoint, the solu- 
tion to the preceding differential equation would 
proceed as shown in the block diagram of Fig. 4. 
Blocks —D, —K and 1/M are multiplying ampli- 
fiers. Two electronic integrators precede the —K 
amplifier. A summing amplifier adds — D(dx/dt) 
—Kzxz and F (¢t). 

Referring to the diagram of Fig. 4, solution of 
the problem is as follows: 

1. A starting point is selected and a voltage an- 

alogous to d2a/dt2 is assumed to appear there. 

2. This voltage is integrated with respect to time, 
giving dz/dt. 

3. A second integration results in 2. 

4. Factor dz/dt is multiplied by the constant 
value — D. 

5. Factor x is multiplied by the constant — K. 

6. Results of steps 4 and 5 are added to the in- 
put, F(t), which results in a voltage analogous 
to M(d2x/dt2). 

7. Multiplying this last found voltage by the con- 
stant 1/M gives d2x/dt2 which is the assumed 
voltage at the starting point. 

Closing the loop as described results in a com- 
puter which will solve that differential equation. 
Now the parameters M, D and K can be varied. Time 
change of the position, velocity and acceleration of 
the mass can be observed with an oscilloscope. 

The foregoing problem and its solution are 
linear. One type of nonlinearity that might be 
encountered in practice is to have the mass M en- 
counter a second spring after it has moved through 
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part of its travel. Such an arrangement is illus- 
trated in Fig. 5. Mass M engages spring K, after 
traveling distance 2p. 

From an analog point of view, all components 
of the system being studied are considered from 
their effect upon the variables. Thus, a spring is 
a force-producing device into which a position is 
fed. Out of this spring comes an output force 
which is a function of that position. 

A plot of output force against input position 
gives a spring rate having a slope K. Having the 
mass pick up an additional spring at some point 2 
is the same as having one spring whose relation- 
ship has a slope K, up to 2%», and a different slope 
K, thereafter. K, then represents the combined 
spring rates. 

Before simulating this non-linear effect, it is nec- 
essary to consider first the basic operational ampli- 
fier used in analog computers. A block diagram of 
such an amplifier is shown in Fig. 6. Two assump- 
tions are necessary: (1) the gain of the ampli- 
fier is very high, and (2) the amplifier draws no 
current from any source. Z, and Z, are the im- 
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Fig. 6—Above—Block diagram of a basic op- 

erational amplifier. Z, and Z, are the input 

and feedback loop impedances that determine 
the output characteristics of the amplifier 


Fig. 7—Below—Block diagram of a basic op- 

erational amplifier with a high-ratio diode 

added to the feedback circuit. Its purpose is 

to make the slope of the output vs input charac- 

teristic different for positive and negative sig- 
nals 
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ANALOG APPROACH 


pedances of the input and feedback circuits and e, 
is the voltage at the input grid of the amplifier. 
All voltages are measured to ground. A mathe- 
matical derivation based on laws of current flow 
results in the following equation for overall gain 
of the unit: 

Z 


Overall gain = : 
Zi 





The approximate output voltage can be written as: 


Zi 
> ein 
1 


Cout = 


This type of operational amplifier is used for 
multiplication by coefficients greater than 1. It 
multiplies by a negative constant. 

To adapt this basic amplifier to simulate the 
combination spring problem, a high-ratio diode is 
added in parallel with the feedback loop as illus- 
trated in Fig. 7. Thus, inputs of one polarity would 
be multiplied by an overall gain of Z;/Z, and 
those of opposite polarity by an overall gain de- 
pending upon the parallel impedance of Z, and Z,. 
One possible representation of the input vs output 
relationship is shown in Fig. 8. 

At this point in the construction of the computer, 
the distance x) must be added. To accomplish this, 
a constant bias is added to the input. Bias volt- 
age C is analogous to the distance x). Then, the 
actual signal voltage feeding the amplifier repre- 
sents x —C rather than x. The output is also 
biased to make zero output for zero input. Final 
output vs input relationship is shown in Fig. 9. 

With the proper arrangement of the biased opera- 
tional amplifier, the damping characteristic D 
might also be a function of velocity rather than 
a constant. 

Generally, the biased operational amplifier with 
diodes in the feedback can be used to simulate an 
f(x) vs «x relationship which consists of straight- 
line sections connected at distinct points of slope 
change. Most interesting is the simplicity with 
which these relations may be set up. All param- 
eters and the slopes between them can be simply 
adjusted. 

Such simple nonlinearities do not really demon- 
strate the advantage of the analog approach. These 
nonlinearities can also be handled by more tedious 
but more accurate methods. In the case of the 
analog method, however, adding simple nonlinear- 
ities to a particular problem only increases the 
complexity of its solution by additional electronic 
gear. On the other hand, the tediousness of the 
analytical solution seems to go up as a power of 
the number of simple nonlinearities in the problem. 

Although only one simple nonlinearity has been 
described, the method is equally applicable to many 
others. For example, it may be applied to prob- 
lems involving stops (elastic and nonelastic), back- 
lash and dead zone.® 

Advantages of the analog approach are better 
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demonstrated by considering a more complex non- 
linearity. For example, in the system of Fig. 4, 
if the damping coefficient D were a function of the 
position of the mass an interesting problem would 
be presented. Such an effect could be caused by the 
geometry of the mass and surface. In this case the 
equation would be: 


d2z 
M + 
dt2 dt 





f(z) + Ka = F(t) 


Here, K could again be a function of x. If the re- 
lation between D and 2 is a continuous one, the 
analytic solution of this equation could be quite in- 
volved. 

Referring back for a moment to the simpler 
problem of Fig. 4, a signal analagous to (dx/dt) 
was multiplied by a constant D and the result, 
D(dxz/dt) fed into a summarizer. In this more 
complex case a signal analogous to x is fed into a 
biased operational amplifier with diodes to get f(a). 


K, 


x 


Slope A, 





Slope A, 





Fig. 8—Above—Output vs. aoe characteris- 
tic of the operational amplifier with diode. 
Feedback loop impedances Z, and Z, deter- 
mine the difference in slope between K, and K, 


Fig. 9—Below—Output vs. input relationship 
for a biased amplifier. The amount of bias 
impressed on the input determines point x, 
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Then we would multiply the signal representing f(z) 
by one representing dx/dt. The output of the multi- 
plication would be the D(dxz/dt) for this problem. 

Multiplication by a constant is merely a matter 
of multiplying by the overall gain of an opera- 
tional amplifier. Multiplication of two continuous- 
ly varying signals is a more difficult problem. 
There are methods to accomplish such multiplica- 
tion, but their circuitry is quite involved. One 
successful method takes the signals to be multi- 
plied and adds and subtracts them. The results. 
a + banda — BD, are then individually squared. 
Since (a+b)? — (a—b)? = 4 ab, multiplying by 
4 gives the answer. 


Conclusions: It follows that the direct result of 
the solution of a nonlinear problem is a numerical 
answer. This answer may be in the form of a 
group of time functions, the peak amplitudes of 
transients, or some similar desired information. 
Use of the analog method will obtain such an an- 
swer and, in addition, reduce the tediousness of 
the solution. 

Each parameter is made available in terms of 
a knob with a scaled pointer. Results in the form 
of a time function of magnitude can be instantly 
available on an oscilloscope. 

Various configurations and possible parameter 
changes are easily and instantly placed into the 
system. Each parameter can be put through a 
range of values and the most effective range of 
each can be then evaluated. Thus, an optimum 
combination of parameters to achieve a particular 
desired result can be found. 

Solution of any problem must be evaluated in 
terms of accuracy of result and relative ease of 
procedure. Increased speeds and closer tolerances 
demanded of present day equipment often require 
re-examination of assumptions necessary in solving 
nonlinear problems. An analog approach is sug- 
gested as a successful method of handling these 
problems. 

Limitations occur in the accuracy of an analog 
computer solution due to the degree of simulation 
obtainable. However, the overall accuracy can be 
compared favorably with that of the actual knowl- 
edge of the parameter values of the device under 
study. 

Because the analog approach to a problem is 
based on functional and operational considerations, 
it can be of greater value than just obtaining a 
numerical answer. It can give insight into the 
problem—insight that is perhaps otherwise not 
available. 
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Fig. 31—Nonvolatile fuel and non-poisonous ex- 
haust are plus factors in this small diesel powered 
materials carrier intended for mining operations 








PERATING principles of both spark-igni- 
tion and diesel engines and the charac- 
teristics of available types of gasoline en- 


gines were discussed in the first installment of Fig. 32—Only obvious differences in design 
this article, which appeared in December. Com- between this large diesel engine and those of 
pleting the article, this part includes a discus- much smaller size is the number of handhole 


covers. which make servicing, adjustments 

and many repairs possible with the engine 

in place. Inspection with the engine running 
is also possible 


sion of available diesel engines and the factors 
to be considered in seleeting and applying en- 
gines of all types. A table summarizes the most 
important characteristics of U. S.-made engines. 


General: Undoubtedly the most important 
characteristic and outstanding advantage of the 
diesel engine is its low specific fuel cost. This 
results in part from the lower cost of diesel oil. 
but even more from the comparatively high 
thermal efficiency which cuts down fuel con- 
sumption. Thermal efficiencies of the order of 
35 per cent are commonly attained in diesel en- 
gines because of their high compression ratios. 

Comparative fuel economy of diesel engines 
is even better at light loads and speeds less than 
maximum. Specific fuel consumption remains 
relatively constant under these conditions while 
for gasoline engines it tends to increase as load 
is reduced. Advantages offered by low fuel con- 
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Fig. 33—Small two-cylinder, V-type 

air-cooled diesel engine develops 

13 bhp at 1800 rpm. Weight is 340 

pounds. Piston displacement is 72.16 
cubic inches 


sumption could, of course, be nullified by high 
cost fuel. However, diesel fue] costs approxi- 
mately two cents less per gallon than non- 
premium gasoline to further compound the 
diesel’s advantage from a fuel cost standpoint. 

Diesel fuel is also comparatively safe to han- 
dle and store. Although it will burn, it does 
not vaporize at a rate rapid enough to form an 
explosive mixture with air. 

Another advantage of diesel engines for cer- 
tain applications is that the exhaust gases are 
usually non-poisonous, Fig. 31. This is because 
there is always excess air in the cylinders which 
assures complete combustion of the fuel, unless 
the engine is very poorly adjusted. 

Initial cost of diesel engines is higher than 
gasoline engines of comparable displacement or 
horsepower. Several factors account for this. 
The fuel-injection system is much more costly 
than the fuel-induction system of a spark-igni- 
tion engine. Diesel engine construction is heavier 
and, therefore, more costly because higher peak 
pressures are encountered. However, the heavier 
construction repays at least a portion of its cost 
in long, trouble-free engine service. 

Because ignition of the fuel in a diesel engine 
depends upon the temperature of the air com- 
pressed in the cylinders, starting at low ambient 
temperatures would be difficult without some 
starting aid, particularly in smaller engines. 
One manufacturer has estimated the temperature 
below which a starting aid is necessary at 45 F. 
One reason for this is that, if the air is cold 
enough, compression in the cylinder simply can- 
not raise the temperature of the air to the value 


Fig. 34—In-line, 6-cylinder diesel 

engine delivers 100 bhp maximum, 

at 1600 rpm. Piston displacement 
is 525 cubic inches 


required for ignition. Additionally much of the 
heat of compression is transferred to cold en- 
gine parts. However, starting aids have been de- 
veloped to make starting possible and easier at 
low temperatures. These include devices for burn- 
ing diesel oil to heat the intake air, ether in- 
jectors and glow plugs. 

Unlike gasoline engines, diesel engines do not 
resolve themselves into distinct groups such as 
aircraft, marine and automotive with quite dif- 


Fig. 35 — Eight-cylinder, V-type diesel 
engine has 603 cubic inch piston dis- 
placement and develops 182 bhp at 2800 rpm 
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ferent design characteristics. They are, all 
basically, general-purpose engines. That is to 
say, they are not completely designed for a 
specific application although the majority of 
manufacturers are prepared to add necessary 
equipment or modify the basic engine to fit 
it for specialized service, such as marine or auto- 
motive. Perhaps the only distinction which can 
be made is on the basis of weight. Although 
basic design and construction are similar, Fig. 
32, engines exceeding 6000 pounds weight will 
ordinarily be found only in stationary, marine, 
railcar or locomotive service. 


Output: Horsepowers of available diesel en- 
gines range from approximately four to 5000 
and even higher. Speeds at which maximum 
horsepowers are developed range from below 
600 to 3000 rpm. The great majority of diesel 
engines develop maximum horsepower at speeds 
of 1200 to 2200 rpm. 

Maximum torque of these engines vary from 
11 to well over 15,000 lb-ft. Speeds at which max- 
imum torques are developed range from 600 
to 2000 rpm, although very few diesels develop 
maximum torque at speeds exceeding 1500 rpm. 


Size and Weight: Weight to power ratios vary 
from approximately 6 to 80 pounds per horse- 
power. More than 80 per cent of diesel engines 
have weight to power ratios of 15 to 45 pounds 
per horsepower. For engines of comparable de- 
sign, construction and operating conditions, 
weight per horsepower is roughly proportional 
to cylinder bore. 


Construction and Design: With the exception 
of less than half a dozen models produced by 
one manufacturer, Fig. 33, all U. S.-made diesel 
engines are watercooled. Number of cylinders 
may be 1, 2, 3, 4, 5, 6, 8, 10, 12, or 16. Cylinder 
arrangements may be in-line, Fig. 34, Vee, Fig. 
35, or radial. Some of the very large engines 
use an opposed piston arrangement, Fig. 36. 
More than 50 per cent of the engines produced 
are 6-cylinder in-line types. All diesel engines of 
6 cylinders or less are in-line types with only 
one or two exceptions. Engines having more than 
eight cylinders are usually V-types, while eight- 
cylinder engines may use either in-line or V 
cylinder arrangements. 

Overhead valves are the rule in diesel en- 
gines. No diesels made use either L-head or F- 
head valve arrangements, which would be un- 
suitable for high compression. 

Some two-cycle engines use no valves at all, 
such as loop-scavenged engines, Fig. 37, and 
opposed-piston engines, Fig. 36. 

The scavenging system used with opposed- 
piston engines is known as a uniflow system 
because there is no change in the direction of 
exhaust gas flow during scavenging. Uniflow 
scavenging is also used on other than opposed 
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Fig. 36—Opposed-piston, two-cycle 

diesel engine uses no valves. Ports | 
in cylinder walls when uncovered by | 
pistons function as valves. Air from 
a scavenging blower enters at one 
set of ports and blows exhaust gases | 
out the other set. Because movement 
of air and gases in cylinder does not 
reverse during scavenging, this is 
known as uniflow scavenging. Bore | 
and stroke of the cylinder shown 
are 81g and 10 inches respectively | 




























Table 1—Effect of Supercharging 4-Cycle 
Water-Cooled Diesel Engines 





—Unsupercharged— —Supercharged— 


Dispi’t. Weight Hp Weight Weight Hp Weight crease crease 





(int) (Ib) (ib/hp) (Ib) (Ib/hp) (%) (%) 
11880 42,300 875 49.5 43,700 1315 33.2 50 49 
9572 33,200 625 53.0 34,800 1000 34.8 60 52 
2505 9,800 388 25.2 10,500 516 20.3 36.5 18 
743 2.680 200 13.4 2,975 275 10.8 $8 24 


piston, two-cycle engines, Fig. 38. Exhaust 
valves only are used in this particular type of 
engine; no intake valves are required. Certain 
engines use four valves per cylinder, two intake 
and two exhaust, to provide increased porting 
area while maintaining a favorable valve head 
to valve seat area which improves valve cooling. 

Both dry and wet type cylinder liners are 
widely used in diesel engines. The cast-en-bloc 
cylinder, although used, is almost a rarity in a 
diesel engine. Details of these three types of 
cylinder construction were covered in Part I of 
this article. 


Combustion Chambers and Injection Systems: 
Heart of the diesel engine is its combustion 
chamber and fuel injection system. At least six 
different types of combustion chambers and 
nearly as many injection systems are used in 
U. S. diesel engines. Purpose of all the systems 
is the injection of the proper amount of fuel at 
the correct time during the latter part of the 



















compression stroke and then to properly burn it 
to obtain the maximum available power from the 
fuel. Although much could be said about the 
design and construction of injection systems and 
combustion chambers, it appears unnecessary to 
evaluate their relative merits. Each has stood 
the tests time and competition. 


Starting Methods: Manual starting is used 
only on diesel engines having one or two cylin- 
ders and piston displacements less than 100 cubic 
inches. High compression ratios and engine 
size make the use of some type of power start- 
ing mandatory on larger diesels. Electric, pneu- 
matic or hydraulic starting motors, and gasoline 
engines, are used, with one known exception. 
Fig. 39. Selection of a starting method is usual- 
ly determined by the engine application. 

Electric cranking is commonly used when the 
engine is used to drive a generator or when it is 
desirable to use an auxiliary battery charging 
generator and storage batteries for some pur- 
pose such as lighting. In an engine-generator 
application, the generator is usually constructed 
so that it can be motored to start the engine. 
When an auxiliary battery-charging generator 
is used, a starting motor, Fig. 40, is installed 
to crank the engine. Electric starting is also 
advantageous for applications where the engine 
is unattended and must start when some change 
in pressure, temperature or other condition oc- 
curs, since a switch which responds to the par- 
ticular condition can initiate starting. 

Disadvantages of electric starting are the fire 
hazard which may exist in certain applications 
and the energy loss of storage batteries when 


Fig. 37—In the loop scavenging system for 
a two-cycle diesel engine, scavenging air 
enters through ports in cylinder walls, moves 
to the top of the cylinder and then reverses 
direction to exit through ports on the side of 
the cylinder wall opposite the inlet ports. 
Four-cylinder engine using this system de- 
velops 76 bhp at 2500 
rpm with piston dis- 
placement of 216.5 
cubic inches 
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cold. Though more power is required to start 
the engine when cold because lubricating oil be- 
comes more viscous at low temperatures, energy 
available from a storage battery decreases as 
its temperature is lowered. This can make cold 
starts extremely difficult. 

Small gasoline engines, handcranked or bat- 
tery started, offer certain advantages where 
cold starting is a problem. By connecting the 
cooling system of the starting engine into the 
cooling system of the diesel, heat of the gasoline 
engine cooling liquid can be used to warm diesel 
coolant. Hot exhaust gases of the gasoline en- 
gine may also be used to heat the diesel’s in- 
take air. Additionally, the small gasoline en- 
gine can crank for long periods while storage 
battery capacity limits the length of time an elec- 
tric cranking motor can be used. Disadvantages 
of the gasoline engine are the starting of the 


Table 2—Accessories and Parts Which 
Should Be Accessible 





Air cleaner Oil drain plug 
Carburetor Oil filler cap 

Connecting rod bearings Oil filter 

Controls Oil level gage 

Cylinder heads Oil pan 

Fan belt Oil pressure relief vaive 
Fuel filter Radiator drain cock 

Fuel pump Radiator filler cap 
Generator Starting motor 

Hose connections Thermostat 


Ignition system Timing gear or chain 


Injection system Timing marks 
Main bearings Valve tappets 
Manifolds Valves 

Water pump 


Fig. 38—Uniflow scavenging system is used 
in this 6-cylinder, two-cycle diesel engine. 
Scavenging air enters through ports in the 
dry cylinder liners and exhausts through 
valves in the cylinder head. A roots-type 
blower provides scavenging air. Maximum 
bhp is 210 at 2100 rpm. Piston displacement 
is 425.6 cubic inches 
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gasoline engine itself and the necessity of hav- 
ing gasoline available as well as diesel fuel. 

Compressed air starting motors are compara- 
ble in size and weight to electric starting motors. 
When used in applications where compressed 
air is already available from an external source, 
they offer considerable space and weight ad- 
vantages over gasoline or electric starting. En- 
gine-driven compressors may, of course, be used 
to refill air reservoirs for operation of the start- 
ing motor, if an external source is not avail- 
able. However, sustained cranking capacity of 
such a system would not be as good as the elec- 
tric starting system. Compressed air starting 
eliminates any fire hazard which might exist 
with either gasoline or electric starting. Some 
diesel engines are started by direct injection of 
compressed air, through special starting valves, 
into some or all of the main cylinders. 

Hydraulic cranking systems offer freedom 
from fire hazards. Weight and size of the sys- 
tem are approximately the same as for the elec- 
tric system. In addition to the cranking mo- 
tor, the hydraulic system includes an accumu- 
lator, either a hand-operated or an engine-driven 
pump or both for charging the accumulator, and 
a control valve. 

Pricewise, the pneumatic starter is definitely 
the most economical when used with an already 
existing source of compressed air. Comparative 
costs of the other systems vary both with en- 
gine size and manufacturer. System character- 















istics rather than price is usually the deciding 
factor. ° 


Supercharging: Although practically never 
used with general-purpose gasoline engines, su- 
perchargers are sometimes used on general-pur- 
pose diesel engines. When a decision as to 


whether or not to supercharge is made, the gain 
in output must be weighed against the cost, 
weight and complication of the supercharger. It 
has been found that the advantages of super- 
charging often outweigh the disadvantages on 


these engines. 
Analysis of the increased horsepower and low- 


Table 3 — CHARACTERISTICS OF U. S. MADE ENGINES 


Water 
Cooled 


Air 
Cooled 


Manufacturer (iusoline = Diesel 


Speed Purpose 


(rpm) 


Cycle Ne. Cyls. Hp 











Aerojet General Corp. x x 
Aircooled Motors Inc. ’ 

Allis-Chalmers Mfg. Co. x x 
American Locomotive Co. x 
Atlas Supply Corp. x 


General 
Aircraft 
General 
Locomotive 
General, Marine, 
Railcar 


5400 
1950-3275 
1050-1800 
600-1000 
750-1225 


4 4 26.5 

4 4-6 75-240 

4 4 24.5-110 
4 6-16 550-2400 
4 4-8 192-580 





Baldwin-Lima-Hamilton Corp. 


Berry-Hill Corp., Hill Diesel 
Engine Div. 


Bolinders Co., Inc. 
Brennan Motor Mfg. Co. 
Briggs & Stratton Corp. 
The Buda Co. 


Locomotive 
Stationary, 
Marine 


430-1750 
2350-5450 


6-8 


Stationary, 
Marine 

Marine 

Marine, General] 

General 

General, Marine 

General 


10-75 


6—1500 
27-200 
0.73-8.4 
15.5—259 
9-516 


1800-3600 
1000-3000 
1200-2800 





Caterpillar Tractor Co. 

Chicago Pneumatic Tool Co. 

Chris-Craft Corp. 

Chrysler Corp., Marine and 
Industrial Engine Div. 

Climax Engine & Pump Mfg. Co. 

Clinton Machine Co. 


54—500 1000-2000 General 
120—1750 


60-190 


99-183 
123-605 
2.5 
0.7-9.0 


Marine 


_ 


General 
General 
General 
General 


3600—4000 
1200 


ene > 





Continental Motors Corp. 


Cooper-Bessemer Corp. 


Cummins Engine Co. Inc. 
Cushman Motor Works Inc. 


Curtiss-Wright Corp. 


General 
General 
Aircraft 
General 
Locomotive, 
Stationary 

General 
General 
General 
Aircraft 


2-3 
14.2-275 
65-290 
39-225 
825-2200 


100-600 
3-5 

3-5.4 
800-3250 


1400-3600 
1600-2400 


1800-2200 
3000 

850 
2400-2600 





Detroit Diesel Engine Div., GMC 


30-300 1800-3000 General 





Electro-Motive Div., GMC 


Locomotive, 
Stationary 


Ni nN) ee ee ee ee ee ee pe 


560-1900 





Fageol Products Co. 


Fairbanks, Morse & Co. 


Ford Motor Co., Industrial 
Engine Dept. 


General 

General 

Stationary 

Marine, Locomo- 
tive, Station- 


ary 


General 


180-210 
162-184 
2000-3500 
300-2400 


oy hh 
PAO 
_ 
So 


i) 
“I 

— 
° 
_ 
i) 


40-170 2000-4000 





Gladden Products Corp. 
Gray Marine Motor Co. 


General 
Marine 
Marine 


4.3-9.5 
16-180 
30-140 


1800-4000 
1800-2400 





Hallett Mfg. Co. 


Hall-Scott Motor Div., ACF- 
Brill Motors Co. 


General 
General 
General, Marine 


7.5-14 
8-20 


157-630 2100—2800 
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ered weight to horsepower ratio obtained by 
supercharging four typical engines of different 
types, Table 1, indicates that the advantages of 


































































































supercharging are less pronounced for smaller either or both the cost and weight increase re- 
engines. As engine displacement and weight sulting from simply making the engine larger. 
decrease, a point is eventually reached at which Gain in horsepower obtained by supercharging 
cost and weight of a supercharger would exceed is actually a result of improved volumetric effi- 
Manufacturer Gasoline Diesel Air Water Cyele No. Cyls, Hp Speed Purpose 
——f Cooled Cooled (rpm) 
Harnischfeger Corp. x * 2 2-6 30-255 General 
Hercules Motors Corp. x x A 2-6 10-236 2000-3200 General 
x x 4 2-8 24-510 1800-3000 General 
ey International HarvesterCo. | ~—x x 4 46 17-214 1600-2500 General — 
‘ x x 4 4-6 58-203 1400-1800 General 
Jacobs Aircraft Engine Co. x x 4 4-7 | 150-300 : Aircraft 
x 4 4-6 57-150 General 
Kermath Mfg. Co. _ a tee x 4 1-12 5-580 2400-3600 Marine 
x x 4 2-6 27-250 1800-2600 Marine 
Kohler Co. a x 4 1-2 3.6-17.0 General 
~ Ingersoll-Rand Co. — ae mE x 4 68 | 203-353 1000 Stationary 
xt x 4 4-12 200-1320 Stationary 
; The Lathrop Engine Co. x x 4 3-6 27-179 700-3200 Marine 
_ The Lauson Co. x x 4 1 1-6.3 Genera] 
Le Roi Div., Westinghouse x x 4 1-12 14.5-645 General 
Airbrake Co. 
Lycoming Div., Avco Mfg. Corp. x x 4 4-8 140-400 Aircraft 
Minneapolis-Moline Co. "x 4 £4412 38-263 General __ 
x x 4 46 46-95 General 
Murphy Diesel Co. x x q 46 105-240 1200-1400 General 
National SupplyCo.  _ x | 4 4-6 192-675 750-1225 General, Marine, 
a Railcar 
Nordberg Mfg. Co. x x 4 1-3 10-45 General 
The Oliver Corp. = She Be a x 4 46 27.8-65.8 1600-2000 General 
x x 4 4-6 24.2-65.8 1600-2000 General 
D. W. Onan & Sons Inc. x x 4 2 4.5-10 1200-3000 General 
Packard Motor Car Co. TT x x 4 6-16 300-800 Marine, General 
Palmer Engine Co. x x 4 1-6 6-165 Marine 
Power Products Corp. x x 2 1-2 _:1.5-5 General 
Pratt & Whitney Aircraft, Div. x y dq 14-28 1450-3500 2700-2800 Aircraft 
—— United Aircraft Corp. 
_— R. H. Sheppard Co. Inc. x x 4 1-6 3.75-100 1800-2000 General 
Sterling Engine Co. x* x 4 6-8 123-600 Stationary 
x x 4 6-8 420-1000 Stationary 
Universal Motor Co. x x 4 1-6 8-145 1200-3800 Marine 
Waukesha Motor Co. x x 4 46 18-515 1100-3000 General 
x x q 4-6 45-570 1200-2800 General 
West Bend Aluminum Co. x x 2 1 1.5-3.0 3600-4200 General 
Willys Motors Inc. x x q 46 63-118 3650-4200 General 
Wisconsin Motor Corp. x x 4 1-4 4.6—36 2200-3600 General 
Witte Engine Works, U. S. x x 4 4-18 
— Steel Corp. x x q 5-10 
Worthington Corp. x 4 5-16 190-4500 Marine, 
Stationary 
* xt x§ x 4 5-16 150-5000 360-1000 Marine, 
=~ Stationary 
Zephyr Products Co. x x 4 1-8 3.5-36 3200 General 


* Also for gas operation. ¢ For natural gas or similar fuel. § Also for dual fuel operation. 


. 
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Starting valve 


Spark plug 


Carburetor 


ciency. The supercharging process is simply 
one in which an air pump or blower forces air 
into the cylinders at pressures higher than at- 
mospheric. This makes possible the burning of 
an increased amount of fuel although cylinder 
volume remains the same. Roots type, Fig. 38, 
are centrifugal blowers are used. Roots blowers 
are usually mechanically driven by the engine. 
Centrifugal blowers may be driven either me- 
chanically or by a turbine which is driven by 
the engine exhaust gases. 


Selection Factors 


When certain of the factors ordinarily affect- 
ing engine selection are paramount rather than 
being one of many to be given equal consider- 
ation, the problem of engine selection is greatly 
simplified. For example, if low weight is the pri- 
mary consideration an air-cooled gasoline engine 
would be chosen, Fig. 41. In other cases the 
general engine type is dictated by a certain all- 
important requirement. Diesel engines are al- 
ways used when fuel economy is the prime con- 
sideration, Fig. 42. On the other hand, low 
first cost makes the use of a gasoline engine 
mandatory. 

Usually the problem of selection is not this 
simple. The considerations mentioned are only 
a few of those which must ordinarily be weighed 
before the problem can be resolved. Various 
factors which should be considered will be men- 
tioned and discussed, not necessarily in the or- 
der of their importance, since this varies from 
case to case. Unless specifically stated, the fol- 





Fig. 39—An unusual start- 
ing method is used on this 
engine. Mechanical linkage 
opens the starting valve and 
stops operation of the fuel 


NFO, injection system. Opening 


the starting valve effective- 
ly imcreases combustion 
chamber size and reduces 
compression ratio. The car- 
buretor and a complete ig- 
nition system permit start- 
ing and running as a gaso- 
line engine. Operation of 
the lever controlling the 
starting valves then con- 
verts to diesel operation 


lowing discussion applies to gasoline or diesel 
engines. 


Horsepower: Certainly the first question to 
be asked when selecting an engine is: What is 
the required horsepower? This may be deter- 
mined from the torque and speed requirements of 
the load. In the event that the engine is to 


Fig. 40—An electric cranking motor and 
battery charging generator are installed 
on this automotive type diesel engine 
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power a machine smaller or larger than a sim- 
ilar existing machine, power requirement might 
be determined on a proportional basis. Some- 
times it may be necessary to obtain sample en- 
gines and determine the power required by ex- 
periment. 

Another method for determining required 
horsepower occurs when it is desired to design 
or modify an existing product powered by an 
electric motor to offer purchasers the option 
of engine power. Here, horsepower requirement 
for the engine may be determined from the pow- 
er of the electric motor. Most motors will de- 
velop 25 per cent more than rated power for 
one or two hours and may handle 50 per cent or 
greater overloads for shorter periods. An en- 
gine for the same service should develop from 
75 to 100 per cent more power than an electric 
motor for this and other reasons to be discussed. 

With speed and torque, or horsepower re- 
quirement of the load known, the significance of 
internal combustion engine horsepower ratings 
should be examined. Unless some other condi- 
tions are very definitely specified, horsepower 
quoted for an internal combustion engine is the 
maximum horsepower an engine in good condi- 
tion will develop on a dynamometer test at an 
ambient temperature of 60 F and normal sea 
level barometric pressure of 29.92 inches of 
mercury. During this test, the engine is usually 
not driving certain accessory items such as cool- 
ing fan, water pump and a battery charging 


INTERNAL COMBUSTION ENGINES 


Se te ene an ae Lee nee ne ee A ere 


generator which might be a part of the final 
engine installation. Each of these items will 
absorb some of the engine output, thereby low- 
ering actual available power. 

Other conditions which reduce power output 
are high ambient temperatures, altitude and en- 
gine wear. A 10 F rise in ambient temperature 
reduces power output by one per cent because 
intake air is less dense and, therefore, contains 
less oxygen. If intake air is taken from engine 
enclosure, power losses of 5 to 10 per cent may 
result from heating of the intake air. For every 
inch reduction of barometric pressure or 1000 
feet of altitude above sea level, output of gaso- 
line engines decreases from 3 to 3.5 per cent, 
again because of lowered intake air density. 
Since diesel engines operate with an excess of 
air, power losses resulting from lowered baro- 
metric pressure or increased altitude are not 
usually considered until pressure drops more 
than 1.5 inches which is the equivalent of 1500 
feet above sea level. From 1500 feet up, losses 
are approximately the same as for gasoline en- 
gines. If it can be established that an engine is 
to operate continually at high altitude or with 
high intake air temperature, carburetor or injec- 
tion system can be adjusted to prevent wasting 
fuel which cannot be burned because of the lack 
of oxygen. However, there is no means other 


Fig. 41—Low weight was one of the primary considerations in selecting 
the engines for the chain saw, left, and cement finishing machine, right. 
Both use air-cooled gasoline engines. The 4-cycle engine used on the 
Whiteman Mfg. Co. cement finisher develops 7 hp and weighs 83 pounds. 
Weight of the entire chain saw complete with 3!/, hp two-cycle engine is 
22 pounds. Ability of two-cycle gasoline engines to run in any position 
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was another prime factor in the selection of the chain saw engine 




























Fig. 42—Savings attendant upon the use 
of diesel oil as fuel make the use of 
diesel engines mandatory in pieces of 
equipment such as these. All are intended 
to operate fairly continuously over long 
periods of time at nearly full engine out- 
put. Weight of the diesel engines can be 
a benefit in applications like these. 
In the locomotives, increased weight 
improves tractive effort. Engine of 
the power shovel helps to counter- 
balance boom, bucket and _ load 






































than supercharging to prevent the power loss. 

Engine manufacturers recommend that their 
engines should not be operated continuously at 
maximum power. Certain of them also recom- 
mend that for continuous operation their en- 
gines should operate at speeds lower than those 
at which maximum horsepower is developed. 
Recommended power reduction for continuous 
operation is more than 40 per cent in some cases. 
A more nearly representative or average figure 
is 25 per cent. Even for intermittent or vari- 
able-load duty, it is generally accepted practice 
to choose an engine whose output is 125 per 
cent of the highest expected load to allow a 
margin of safety for the unexpected load. 

Thus far the discussion has been in terms of 
horsepower, but the fact that horsepower is a 
product of engine torque, engine speed and a 
constant calls for an evaluation of load require- 
ments on the basis of required torque and speed 
as well as horsepower. Ignoring mechanical and 
friction losses, an engine of a certain horse- 
power in conjunction with the proper gear set 
will provide that horsepower at any desired 
speed. However, the gear set adds its cost and 
weight to those of the engine. This suggests 
that speed and torque curves of engines in the 
required horsepower range should be closely ex- 
amined by the designer. It also suggests that 
an engine with higher than necessary output 
might be a better choice than one having the re- 
quired output, if the larger engine supplies the 
torque and rpm required at less cost than an 
engine of the required output plus a speed-chang- 
ing device. 

Torque curves also supply other information 
which may be of help in matching engine and 


Fig. 43—Although both of the engines whose 
torque curves are shown here produce nearly 
equal horsepower at 2200 rpm, outputs differ 
greatly at other speeds 
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load. Some engines supply substantially con- 
stant torque over a wide range of speeds, others 
show a pronounced peak at a particular speed, 
Fig. 43. Load characteristics may often dic- 
tate choosing one of these rather than the other 
even though horsepower and speed are equal. 


Cost: Actual engine prices are, of course, 
available from the manufacturers. Well worth 
mentioning is the fact that the purchaser of a 
product may be as interested in operating costs 
as in first cost. In many instances, operating 
costs may be of more importance than the differ- 
ence in price of competing products. Since op- 
erating costs include repairs and lost productive 
time as well as the fuel and oil consumed during 
engine operation, these things must be consid- 
ered, if an acceptable product is to be designed. 
Wide availability of service parts and personnel 
for a particular make of engine is a definite point 
in its favor. Purchasers have been known to 
favor an admittedly inferior machine because 
of the knowledge that repair parts were more 
readily available, when necessary. 

Engine life is usually longer for the larger, 
heavier engine when power output is equal. 
However, there are many other ways in which 
life and reliability can be improved. Many of 
these such as special valve and valve seat ma- 
terials and chrome-plated piston rings have been 
mentioned. Perhaps as good an indication as any 
of engine life is given by the warranty. 


Engine Installation 


Mounting: Perhaps the most important step 
in designing an engine installation is the actual 
mounting of the engine. Even the most smooth- 
running internal combustion engine will vibrate. 
This must be taken into consideration. If the 
engine is rigidly bolted to a structure whose 
natural vibration frequency is in the range of 
speed over which the engine will operate, reso- 
nance may cause damaging vibration of the en- 
gine and structure. Redesign of the engine sup- 
ports is sometimes not too difficult and may 
eliminate this condition if it exists. 

In some instances rubber vibration damping 
mounts may be necessary to limit vibration or 
to insulate the supporting structure from en- 
gine vibration. Since those mounts vary in 
design with the weight of the engine to be 
mounted and the vibration frequency of the en- 
gine, care must be used in their selection. The 
wrong mount may do more harm than good. 
Manufacturers of these mountings are the best 
source of information on their selection. 


Air Flow: Regardless of the fuel used, an 
engine consumes many more pounds of air than 
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of fuel during the combustion process. 
fore, the designer must locate the engine air in- 
take so that the supply of intake air will not be 
restricted. Additionally, the intake air should 
be as cool and clean as possible. For these 
reasons, engine air cleaners should always be 
used and properly located. Good or proper loca- 
tion of an air cleaner varies with the applica- 
tion. Examples of this are (1) placing the air 
cleaner outside the engine compartment where 
the air is cooler when the engine is in an en- 
closure and (2) locating the air cleaner as high 
as possible for dusty applications. 

Usually engines will also require air for cool- 
ing. Whether air or water-cooled, the heat sink 
is usually atmospheric air. Marine engines us- 
ing sea, lake, or river water are exceptions. 


Accessibility: In addition to the repairs which 
may become necessary, certain periodic checks, 
servicing operations and adjustments are re- 
quired by engines. Accessibility of various parts 
of the engine and accessory items can be a de- 
ciding factor in the purchase of a piece of equip- 
ment. A check list of the parts of the engine 
assembly which should be readily accessible, 
Table 2, may serve as a guide in determining 
how well this portion of the installation prob- 
lem has been solved. However, a mock-up or 
model may be the best means of solution. 


Summary 


A summary of the more important character- 
istics of the products of many U. S. engine man- 
ufacturers, Table 3, may serve as a preliminary 
guide in engine selection. Although this table is 
as complete as possible, it should be understood 
that it does not necessarily include every manu- 
facturer producing engines for sale. 
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Chucker Has Independent Turret Cross Slides 
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RECENTLY intro- 

duced single-spindle 
chucking machine has 
completely automatic 
and independent opera- 
tions of five tool slides 
on a turret and two 
cross slides. Heavy, 
rigid construction, and 
provision for using mo- 
tors up to 40 hp, make 
high speeds and feeds 
possible when using car- 
bide and high - speed 
tools. The tooling zone 
is open on sides and top. 
This is said to greatly 
facilitate tool changing 
and make possible the 
use of automatic load- 
ing equipment. The 12- 
inch chucking capacity 
machine has been chris- 
tened Acme-Gridley 
Model MC by its manu- 
facturers, the National 
Acme Co. 


Turret index is con- 
trolled by a Geneva 
movement and per- 
formed by a _ separate 
motor, disk clutch and 
brake combination. En- 
tirely independent of 
the cross slides, the in- 
dexing mechanism may 
be adjusted to index one 
or more positions while 
heavy forming cuts are 
continued by a_ cross 
slide. Safety limit 
switches prevent turret 
indexing until the turret 
toolslide is completely 
retracted. 























































Easily adjustable cam 
dogs on the main drum 
shaft and cam-operated 
switches automatically 
change speed and feed 
ranges as required for dif- 
ferent cuts. Two clutch 
shafts which drive the 
work spindle provide two 
ranges of three speeds 
or a total of six speeds. 
Overrunning or roll clutch- 
es engage automatically 
when other clutches on a 
shaft are disengaged. 
Other clutches are engaged 
or disengaged by air cyl- 
inders actuated by solenoid 
valves. A similar system 
provides three speeds of 
the feed worm § shaft. 
Change gears may be used 
for both feeds and speeds 
to give a selection of speed 


ranges. 
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can become significant, especially at high 
speeds and large diameters. Machine compo- 
nents such as fluid couplings, axial displacement 
pumps and motors, centrifugal pumps, torque con- 
verters and transmission clutch cylinders, Fig. 1, 
are subject to forces caused by the spinning fluids 
ccntained within an enclosure. 

This article will discuss the more important 
components and formulas will be derived for find- 
ing pressures and forces. It is felt that the dis- 
cussion will be more useful and more easily under- 
stood if based on fundamental principles. These 

principles can be extended to cover many cases not 
contained herein. 

Referring to Fig. 2, a container of height h, and 
length and width each equal to 3, is filled with a 


| pe forces from rotation of hydraulic devices 


motive transmissions are substantially 


ject to centrifugal effects 
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Fig. 1—Hydraulic pressures in modern auto- 


fected by rotation. Both torque converters 
and hydraulically actuated clutches are sub- 





liquid. If this column of liquid is divided into k 
small elements of volume each of height Ah, the 
downward force of each of the elements, AF, is 
equal to the mass of the cube times its acceleration: 


AF = mb?(Ah)g 


where the symbols have meanings defined in the 
Nomenclature and Fig. 2. The force transmitted, 
for example, by element 3 to element 4 is the sum 
of the forces above it plus its own force. Similarly, 
the force on the bottom of the container is the 
algebraic sum of the forces of the k cubes above 
it: 


p=" ar = mb? 93 ah oe 


n=O 


and the unit pressure at the bottom of the vessel is 


.. (2) 





Equation 2 is simply the familiar formula for hy- 
drostatic fluid pressure. But the method of arriving 
at it is fundamental to the following analysis. 















Full Cylinder Rotating About Its Axis: The cyl- 
inder shown in Fig. 3 rotates at a uniform angular 













Fig. 2—Acceleration force, due 
vity, on a static column 
uid is equal at all points 
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Centrifugal action on hydraulic fluids in rotating parts 
adds appreciably to the system pressures. This article 





shows how to calculate these pressures, and the resulting 
forces, for the more usual types of hydraulic devices 


velocity, » radians per second, about its axis. Con- 
sider a thin radial column of fluid, divided into 
m increments each of height Ar, and length and 
width b. Each element is subject to centrifugal 
force, 


AF, = mb?(Ar)a 


where a is the centrifugal component of accelera- 
tion = w*r. Notice that this expression is basically 
the same as the one given for a stationary column of 
fluid. The difference lies in the fact that accelera- 
tion due to gravity is, practically speaking, a con- 
stant, whereas a varies with radius. As in the fore- 
going example, the force exerted on the face formed 
by the sides of the column of element 4 is equal to 
the sum of the forces of the 4 elements counting 
from the center outward. Thus force on the Qth 
element may be stated 


n=Q r 
F, = ZAF, = mb? adr 
n=0 0 


and the unit pressure is 





Since a = w?r, 


Fig. 3 — Acceleration force 
on a rotating column of fluid 
increases with the radius 


Acceleration = 0 = w* 


r 
p = m w zrar 
0 


As the increment Ar approaches zero in the fore- 
going expression, 
p=me? |. rdr (3) 


which becomes, on integration 
M w* 
2 





= r2 (4) 


In practical units 





_ W 4972N2 
2g ~ 3600 
p—1.419 X 105WN?r2 (5) 


Equation 5 gives pressure in pounds per square 
inch at any radius within the cylinder. This pres- 
sure not only acts outward but also acts in all 
directions. It would act against the end of the 
cylinder and against the end of the piston of the 
cylinder shown in Fig. 4. For a given fluid rotated 
at a given speed the pressure is a function of the 
radius only and is independent of the length of the 
cylinder or the volume contained therein. 

Referring again to Fig. 4, an expression for 


Fig. 4—Pressure developed " rotation alone 
can cause a force over 800 Ib on the piston 
of a 6-inch cylinder revolving at 4000 

about its own axis. See Equations 5 and 7 
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force may be derived. Since pressure is a function 
of the radius, for an annular element of area as 
shown the element of force is pressure times area, 
or dF, = pdA, where dA = 2zrdr and p is given 
by Equation 4. Thus 


dF. = mw*rrsdr 


Summing all the elements of force from r = 0 to 
7, = R 


“R TM w* R4 

Fr. = 7m w | dr = ————— (6) 
0 4 

In practical units 

F. = 2.229 X 105WN?R* (7) 


As an example, a cylinder having a bore of 6 
inches and rotating at 4000 rpm is filled with oil 
of specific gravity 0.8. Since the units of W in 
Equation 6 are pounds per square inch, specific 
gravity must first be converted to these units. 
The weight of water is 0.0361 lb per cu inch, 
therefore W for the oil equals 0.8 times that value, 


Nomenclature 





A;dA = Area; element of area, in.? 
a= Centrifugal component of acceleration, 
in.-sec~2 
F = Force, total, Ib 
F..= Force, centrifugal, Ib 
F,= Force due to applied or charging pres- 


sure, lb 
F, = Force on diaphragm portion of piston, Ib 
F, = Force on center plates of diaphragm pis- 
ton, Ib 


g = Acceleration of gravity, in.-sec~? 
k = Ratio R,/R, 
L = Stroke, in. 
dl = Element of arc, in. 
m = Mass per unit volume, Ib-sec?-in.~4 
N Speed of rotation, rpm 
P, p. = Pressure, centrifugal, lb-in.-? 
P, — Pressure, applied, lb-in.-? 
r = Radius, in. 
r, = Radius at which pressure originates, in. 
r; = Inside radius of piston, in. 
R = Outside radius of piston, in. 
= Outside radius of diaphragm, in. 
= Radius of center plates in diaphragm pis- 
ton, in. 
R,. = Radius of solid piston—equivalent of dia- 
phragm piston, in. 
s — Stress, Ib-in.~? 
t = Wall thickness, in. 
V = Volume, in.* 
W = Weight per unit volume, Ib-in.-3 
a2 = Dimensionless modifying factor, 
(1/5) (1 + k + k2 + k3 + kt‘) 
y = Dimensionless modifying factor, 
(1/3) (1+ k + k?) 
p = Distance from axis of rotation to center 
of cylinder, in. 
@= Angle, radians 
Angular velocity, rad-sec-! 
























































Fig. 5—Above—These automatic-transmis- 
sion clutches are typical examples of hollow 
rotating hydraulic cylinders. Centrifugal 

ressure in design a, after release of actuat- 
ing pressure, requires provision of a heavy 
disengaging spring. Design 6 spills all oil 
within radius r,, after release of actuating 
pressure, cuts down disengaging force re- 

quirements. See Equations 9 and 11 


Fig. 6—Below—Centrifugal pressure curves 
for full and hollow cylinders have constant 
difference beyond r,. If r, = 0.4R as in this 
figure, total force on the hollow cylinder is 
30 per cent less than on the full cylinder 
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or 0.0289. Substituting in Equation 7, F, = 
2.229 x 1010-*(0.0289) (4000)?(3)* = 832 lb force 
against either end of the cylinder. To this force 
must be added any force due to applied pressure, 
F,. This force will, of course, equal applied pres- 
sure times area, and F = F, + F,. 








Hollow Cylinders: The first type of hollow cylin- 
R der to be discussed is illustrated by two examples 
in Figs. 5a and b. Both cylinders have the same 
type of pressure and force relationship in that when 



































line pressure is cut off the point of pressure origin, 

r,, is also the point where force against the piston 

fino begins. The arrangement shown in Fig. 5b is 
similar to rotating multiple-disk clutches used in 

z, % % several makes of automotive automatic transmis- 
J sions. A ball relief valve unseats when line pressure 











is cut off and thereby spills all oil within radius 
r,. This permits the clutch to disengage even 
though the return spring is lighter by far than the 
diameter torque converter turning at 4400 spring required in Fig. 5a. However, even with 
rpm is almost 10 tons. Charging pressure of the relief valve there is still a small annulus of oil 
50 psi adds another 3 tons from r, to R which must be accounted for in the 
return spring if clutch drag is to be prevented. 
In these cylinders the inside portion of the cyl- 
inder from r, to the center contributes neither 
force nor pressure, the pressure being zero at r, 
lows the “full cylinder” curve of Fig. 6, al- and reaching a maximum at R. To obtain pres- 
though total force is only that acting on the sure at any point r within the cylinder Equation 
annular area between r; and R. See Equa- 3 can be used with the appropriate limits of integra- 
tions 5 and 13 tion, namely, 7, to r which represents any radius 

at which the pressure is to be determined: 


Fig. 7—Above—Hydraulic centrifugal pres- 
sure force F tending to separate a 12.8-inch 


Fig. 8—Below—lIn this type of hollow cylin- 
der, centrifugal pressure originates at center 
of rotation. Pressure variation therefore fol- 





r Mw2 
p=m 2 f rdr = r ( — 7) (8) 
( —0A = 2Trdr . 





which, upon substitution of practical units, becomes 
p = 1.419 X 10°55 WN? (r2 — 7,7) ..... 5 raed (9) 


Relationship between pressure and radius in a 
full cylinder and a hollow, or partly filled, cylinder 
is shown graphically in Fig. 6. The difference in 
pressure is constant from r, to R. 

For force on the piston, dF, = p dA, where 

















Fig. 9—In this design, cen- 
trifugal pressure originates 
at r, and follows the “hol- 
low cylinder” curve of Fig. R 
6. Total force is caused by 
pressure acting between 1; | 
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and R. See Equations 9 and 


15 for proper formulas 4 % A — ==! | 
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Stationary valve plate 





Rotating body 
dA = 20rdr—, 
4 





ror) 
| 








Fig. 10—In hydraulic motor 

or pump with rotating cy- 

linder body and fixed valve 

plate, centrifugal pressure 

originates at the inner side 

of the bore. See Equations 
9 and 17 


pzymid* (r?-7,2) 














Stationary TT 
arbor, {| 
+ 





























QD = 












































dA is given by 2zrdr, Fig. 5a, and p is found from 
Equation 8. Thus, dF, = xmw?(r?—r,?)rdr, and 
the total force is found by integration between the 
limits r, and R: 


R 
F.= amet [ r(r2 — r,*) dr 
To 


" wr (10) 


i | 
| 
| 
| 
| 
.) 
to 


In practical units 
F. 2.229 X 105 WN2 (R2 — 1,2)? (11) 


Equation 11 gives centrifugal force in a rotating 
hydraulic device in which pressure originates at 
the same radius that force does. For example, 
in the hydraulic torque converter shown in Fig. 7 
the inlet and outlet oil holes are located in a non- 
rotating stator support. Thus, the radius of the 
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Fig. 11—Centrifugal pres- 
\ sure originating at axis of 
\ rotation causes higher pis- 
\ ton forces than in design of 
| Fig. 10. See Equations 5 and 
} 18 for formulas 


Fig. 12—Centrifugal pres- 
sure originates at stationary 
arbor, causes higher piston 
forces than in Fig. 10, but 
less than in Fig. 11. See 
Equations 9 and 21 


support would be r,, equal to 1.3 inch, R = 6.4 
inches, N = 4400 rpm and the converter is charged 
with oil having a specific gravity of 0.8 at 50 psi. 

Total force, F, is the sum of the centrifugal 
force F, and the force due to charging pressure 
F,. As in the previous example, W equals 0.0289. 
Centrifugal force is found by substituting in equa- 
tion 11: F, = 2.229 x 10-5(0.0289) (4400) 2(6.4? — 
1.37)? = 19,225 lb. Force due to charging pressure 
equals pressure times area: F, = (50)(6.42 — 
1.3?)z = 6169 lb. Then, total force F = F, + 
F, = 25,394 Ib. 

The second type of hollow cylinder to be con- 
sidered has an oil passage to the cylinder which 
originates at the center of rotation as shown in Fig. 
8. Since pressure originates at the center, Equa- 
tion 4 should be used. In finding force on the piston, 
note that the pressure acts on the piston from 1; to 
R which will be the limits of integration. Then 
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adF, = pdA, where dA = 2zrdr and p = Yomw?r? 
(Equation 4). Thus 


dF, = Tmw2r3dr 


R 
F, = Tmo? f radr 
vj 


TMw2 
F, = 4 (R* — rj*) . (12) 





In practical units, 
F, = 2.229 X 105 WN2 (R4 — rj4) (13) 


The third type of hollow cylinder, shown in Fig. 
9, has an oil passage connecting to a stationary 
arbor. This cylinder is the same as the one shown 
in Fig. 5b except that the ball check relief valve is 
not used. Here the pressure at any radius r origi- 
nates at r, where it is zero and, of course, be- 
comes maximum at radius R. Therefore, this 
case is identical with the first type of hollow cyl- 
inder as far as pressure is concerned, and Equation 
8 again applies. To find force, integrate from r; to 
R. Since dF, = p dA, where dA = 2nrdr and 
p = Ym? (r?—r7,?) from Equation 8, 


dF, = TMw2r(r2 — 7,7) dr 
R 

F.= amet f r (r2—r,2) dr 
vj 


TMw? 


F, = [R4 — 2r,2 (R2 + r2) — rj] (14) 





In practical units 
F,. = 2.229 X 10-5 WN2 [R4 — 2r,(R2 + 7,2) — rit] (15) 


Off-center Cylinders: Some devices, instead of 
a single annular piston, have a group of small 
pistons located at a distance from the center of 
rotation. The first type to be dealt with is shown 
in Fig. 10. This arrangement comprises a sta- 
tionary valve plate and a rotating cylinder barrel, 
as in axial displacement pumps and motors. Since 
the valve plate is stationary, pressure originates 
at the inner side of the cylinder bore. As before, 
adF, = p dA, where p = Ym.” (r? — 1,?), from 
Equation 8. But r, = p — R, therefore, 


Mw? 


[s* — (& — B)*] 





p — 


Also dA = 26rdr, and from the cosine law 


r2 + p? — R2 
2pr 


| 





cos @ = 


r2 + p? — R2 
2pr 





@ = cos"! 


Combining the expressions for p, dA, and 6, 








r2 + p? — R2 
dF, = mw*r [r? — (p — R)?] cos! dr 
2pr 
Summing the elements of force from » — RF to 
p+R, 
e+R r2 + p? — R? 
F,.= mat f r[r2 — (p — R)?] cos"! dr 
e-R 2pr 
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which, upon performing the indicated integration, 
yields this formula for calculating force on each 
piston: 

TMw*?R3 


4 p 


c 


In practical units 
F, = 2.229 X 10° WN2R3 (49 — RB)... . RF) 


The second type of off-center cylinder, shown in 
Fig. 11, has pressure originating at the center of 
rotation. This case is similar to the foregoing ex- 
cept that the pressure originating at center pro- 
vides a greater pressure against the pistons. Again, 
dF, = p dA, where dA is the same as in the pre- 
ceeding case and p = 14m? r?, from Equation 4. 
The complete expressions for element of force and 
total force become 








r2 + p? — R2 
dF, = mw*r3 cos} dr 
2pr 
e+R r2 + p2 — R2 
F. = mw? f r3 cos"! adr 
e-R 2pr 
TMw* R2 
F, = —————_ (2p? + R?) (18) 
F,, = 2.229 X 10-5 WN?2R2 (2p? + R?) (19) 


In the third type of off-center cylinder, Fig. 12, 
the pressure originates from a nonrotating arbor. 
Clutches of this type found use at one time in 
certain automatic transmissions. The only dif- 
ference between this case and the two previous 
examples lies in the expression for pressure, which 
is p = mo? (r? —7,?). Since dA and @ do not 








change, 
T2 + p? — R2 
dF, = mw*r (r? — 1,2) cos dr 
2pr 
+R r2 + p* — Re 
Pr. = 2 f ¢ (7 — 9#,*) cos" dr 
e-R 2pr 
T Mw? R2 
P= (2p? — 2r, + R*) (20) 
F, = 2.229 X 10-5 WN2R2 (2p? — 2r, + R?) (21) 


The methods outlined can usually be adapted to 
special cases which are likely to be encountered by 
the designer from time to time. 


Diaphragm Cylinders: Diaphragm type pistons 
are widely used where cost is important and where 
the ratio of bore to stroke is such that a flexible 
diaphragm can be used to replace a solid piston. 

This discussion is mainly concerned with pres- 
sure due to centrifugal forces but it is worthwhile 
to develop first an expression for the total force on 
a diaphragm piston due to uniform applied pres- 
sure. The analysis of a diaphragm cylinder is of 
necessity divided into two parts: the contribu- 
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tion of the diaphragm portion to the total force on 
the piston rod ; and the contribution of the clamp- 
ing plates or rigid portion of the piston to the total 
force. 

STATIC PRESSURE Forces: In Fig. 13, on an ele- 
mental area of the diaphragm, dA, the force acting 
will equal pdA. Now, for an isolated radial seg- 
ment of the diaphragm abcd, not all of the force 
acting on the area dA will be applied to the piston 
rod: a fraction of it will be taken in the form of a 
reaction on the cylinder wall and the remainder will 
constitute an effective contribution to the piston rod 
force. Fig. 14 shows a radial section through the 
segment abcd. For purposes of analysis the seg- 
ment may be regarded as a simply supported beam 
with a concentrated load pdA at a radius r. Thus, 
the effect of the diaphragm force on the piston 
rod can be expressed by 


To obtain the total force on the piston rod due to 
pressure acting on the diaphragm the foregoing ex- 
pression is integrated over the area of the dia- 
phragm: 


nef Sen Bh) 
on we 8 


Subsitituting dA = rdédr: 


Pp 2 R 
F,= —_ f f (R, — r) rdr de 
R, ars: R; o R; 


Integration of Equation 22 yields 























WT Pa 
(R,? + RR; — 2R;*) .. (23) 


Fa = 
To obtain the total force on the piston rod the con- 
tribution of the rigid center plate portion of the 
piston must be added: 


F, = Da Xx A= Dat R;? 
Total force is 


T Pa 


F,= (R,? + RR; — 2R;* + 3R;*) 


F. = = (R,? + RR; + Ri) (38) 


Equation 24 gives the total force on the piston 
rod in a diaphragm cylinder for a given applied 
pressure. Where a relationship between a solid pis- 
ton and a diaphragm piston is sought, it is con- 
venient to convert Equation 24 to a more suitable 
form by introducing a few simple substitutions. Let 
k = R,/R,, or R; =kR, then substitute into Equa- 
tion 24: 


F, = — Pa (R,2 + kR,2 + k2R,2) 


3 
TPa 1, ’ 
wae PT + +O (25) 


Now let y = 13(1 + k + k?). Equation 25 becomes 


F, — T Pokty*y (26) 
However, the force on a solid piston of radius R, 
would equal rp,R,,?. Equating this to Equation 26, 


Fig. 13—Force acting on 
a diaphragm piston in- 
cludes all of the pressure 
on the rigid piston plus 
a portion of that on the 
diaphragm. For static 
pressure p, Equation 24 




















gives total force 





Fig. 14—Diaphragm between clamps 

is assumed to act as a simply supported 

beam with a concentrated load pdA at 
radius r from the axis 
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R,2 = R,*y ’ 


Where R, is the radius of a solid piston which 
would give the same force as a diaphragm piston 
of maximum diaphragm radius, R,. Stated another 
way, the effective area of the diaphragm piston is 
reduced by the factor y. 


In design of a diaphragm cylinder to give a 
certain required force on the piston rod, Equation 
25 is used directly to obtain R, with an assumed 
value of k. The value of k will generally depend on 
the stroke and the flexibility of the diaphragm and 
must not be too large in order to permit free move- 
ment of the piston. However, small values of k 
« should also be avoided since they result in higher 
stresses in the diaphragm. 

Values of y = 44(1 + k + k?) are plotted in 
Fig. 15 against k. This will aid the designer in 
computing the force on the piston rod and in 
finding equivalent solid pistons. 

The volumetric displacement of a diaphragm 
cylinder may also be easily calculated by the use of 


(27) 


Fig. 15—Factor y is a measure of the re- 
duction in effective area of a nonrotating 
diaphragm cylinder as R; is decreased in re- 
lation to R,, Fig. 13. See Equations 26 and 27 


1.0 












































the factor y. Examination of Equation 26 shows 
that the factor y modifies the outside radius of the 
cylinder, R,, to make it equivalent to the radius of 
a solid piston of dimensions R,\/y. The two cyl- 
inders in Fig. 16 will have equal displacements 
and the work done by the piston on the fluid (or 
vice versa) is equal in both cases provided the 
strokes are equal. Therefore, displacement of a 
diaphragm type cylinder is given by 


V = Roy ........... (28) 


It should be borne in mind that the foregoing 
section of the diaphragm analysis applies to both 
pneumatic and hydraulic operations. However, the 
following discussion dealing with rotative forces 
is valid only for comparatively incompressible 
fluids such as water or oil. For practical purposes 
compressible fluids such as air or other gases 
would have little or no centrifugal effect in most 
applications. 

CENTRIFUGAL PRESSURE FORCES: Conditions here 
are similiar to those encountered in deriving Equa- 
tion 24, the only difference being that the pressure 
is not constant but varies according to the equa- 
tions derived in the earlier part of this article. Re- 
ferring to Fig. 14, the force due to pressure acting 
on the elemental area dA which is transmitted to 




















the piston rod is 
dF dA ( me lo ) 
— Pp en 
8 A , R, — Rj 
4 where p, for centrifugal force, equals 1mw?r? 
,. (Equation 4) and dA = rdédr. Substituting, 
0.6 
% 2 R,-?f 
sho ¥ dF, = —— ro ( ) de dr 
°: a 2 R, — Ri 
~ OA ar The contribution of the whole diaphragm to the 
total force is obtained by integrating this expres- 
sion over the area of the diaphragm: 
0.2 
M w? 
F, = at Se (R, — r)rsdedr 
2(R, — << Say 
° O2 04 0.6 08 Lo P,= 7 Mu? (R,4 + R.3R; + R.2R? + RR — 4R) 
pet 20 
7 
— 
Fig. 16—Diaphragm pis- Nl ' 
ton and solid piston have 
equal force and volu- 4 
metric displacement if S Vy Ro 
the relative proportions | 
are as shown. Factor y a 





is given in Fig. 15 
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Now using Equation 6, the force provided by the 
center plates is 


= TM w* 
se lal 


Adding F, to F4, 





TM w* 
Fr. = (R,* + R,3 Ri + Ro? Ri + 
R,R§ + Rj*) (29) 
Making the substitution, R; = kR,: 
Tm w 
Fr, = =n R,* (1 + k + k2 + k8 + k4) (30) 
TM w* 
r= get R,* x (31) 


where x = 1/5 (1 + k + k? + k® + k+). Conver- 
sion to practical units gives 


F. = 2.229 X 10° WN?2R,4 x (32) 


Factor x is plotted in Fig. 17 for all values of k. 
Notice that Equation 32 gives only centrifugal 
forces. To find piston rod force due to both cen- 
trifugal and applied pressure it is necessary to add 
F, to F,. 

An example will serve to illustrate some of the 
points just discussed. What bore would a solid 
piston-type cylinder have to be if it is to replace 
a diaphragm cylinder having a diaphragm of 8 














N 








° 
> 


lek + k?+k ak * 
5 


as 





























2 Ai 
‘7 


Fig. 17—Factor x is a measure of the reduc- 

tion in force on a rotating diaphragm cy- 

linder as R, is decreased in relation to R,, 
Fig. 13. See Equation 32 





They Say... 





inches maximum diameter and center plates of 5 
inches diameter? 

Inasmuch as R; = 2.50 and R, = 4.0, k equals 
0.625. Three different conditions could exist at 
this point, each of which must be treated in a 
somwhat different manner. 

First, if the cylinders are not rotating and there 
is only applied pressure acting on the pistons, 
Equation 27 and Fig. 15 apply. From Fig. 15, when 


k = 0.625, y would equal 0.675. Substituting in 
Equation 27 R,? = 0.675(42) = 10.8 and R, = 
3.285. 


Second, if the cylinders are subject to centrifugal 
pressures only, equating Equations 6 and 31 would 
give R,* = «R,*. Then, from Fig. 17, x = 0.482 
when k = 0.625. Substitution gives R,* = 0.482 
(44) = 123.4 and R, = 3.333. 

The third condition includes both of the fore- 
going conditions where the cylinders are subject 
to both centrifugal and applied pressure. It is ap- 
parent that the value of R, in this case will fall 
between 3.285 and 3.333. Since these values are 
rather close together, R, could be taken as the 
mean value with very little error. This would give 
R, = 3.314 inches. For values of k greater than 
0.5 this approximation is usually accurate enough 
for most purposes. However, if an exact computa- 
tion is needed it can be found by equating the force 
of one cylinder to the force of the other. 

Force on the solid piston is 


Feiqg = 2.229 X 10°55 WN2R,* + p,7R,? 
Force on the diaphragm piston is 


Feuq = 2.229 X 10-5 WN2R,4 & + pawR,2y 





Let W = 0.03 lb per cubic inch, N = 3000 rpm, 
and the applied pressure p, = 40 psi (factors x and 
y do not change); evaluate the two force equa- 
tions then set them equal to each other. 

Force on the solid piston is 


Pesqg = 6.018 R,* + 125.66 R,2 
Force on the diaphragm piston is 


Fesq = (6.018) (44) (.482) + 
(125.66) (42) (.675) = 2099.69 


Equating, 
6.018 R,4 + 125.66 R,? = 2099.69 


Solving this equation by the quadratic formula and 
discarding the negative answer give R, = 3.310 
inches. This compares with 3.314 when the simple 
mean value was taken. 


“Arts and sciences are not cast in a mold, but 
are formed and perfected by degrees, by often han- 
dling and polishing, as bears leisurely lick their 
cubs into form.”—-MICHEL DE MONTAIGNE. 
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Possibilities and limiting con- 
ditions for aluminum and alum- 
inum on steel journal bearings 


By J. B. Mohler 


Consultant 
New Castle, Pa. 


LUMINUM sleeve bearings now have a his- 
tory and a reputation. Aluminum bearings 
and bushings have been used by the millions 

for diesel-engine main, connecting-rod and cam- 
shaft applications. In several applications, alu- 
minum has given better service than any other 
material tried. In recent years aluminum on a 
steel back has gained a similar reputation in diesel 
and gasoline engines. 

Since aluminum has been successfully used for 
connecting-rod bearings it apparently has the prop- 
erties demanded of a bearing material under rela- 










Aluminum - lined 
steel-backed diesel- 
engine bearings are 
used at relatively 
high speeds and 
loads 
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tively severe demands for load, speed and surface 


properties.! Certainly, it can be used under less 
severe conditions or for higher loads at reduced 
speeds. This article will discuss present design 
practices with regard to aluminum bearings, and 
give basic recommendations for aluminum and 
aluminum on steel bearings. 


Aluminum Bearing Alloys: At the present time 
there are several aluminum bearing alloys in com- 
mercial use. One alloy is essentially an aluminum- 


1References are tabulated at end of article. 









Bearings successfully used in a 
gasoline truck engine are steel 
backed and aluminum lined 


tin alloy and the other an aluminum-silicon alloy. 
Seizure testing has shown that both tin and silicon 
additions will increase seizure resistance. 

Two aluminum-tin alloys are available known 
as Alcoa 750 and X8280 (XBS80S), both with a 
nominal tin composition of 6.5 per cent. The 750 
alloy is a cast alloy containing small amounts of 
copper and nickel to increase strength, hardness, 
and resistance to scuffing. The 8280 alloy is a 
wrought alloy similar to 750 with a small amount 
of silicon added to overcome problems of hot short- 
ness encountered in production of rolled 750 sheet. 

The other commercial aluminum alloy is an alloy 
containing 4 per cent silicon and 1 per cent cad- 
mium,* used for making steel-backed bearings with 
a lead-tin overlay.* 

These alloys are intended for duty in internal- 
combustion engines. They have good seizure resis- 
tance but do not have the seizure resistance, confor- 
mability, or embeddability of the babbitts. These de- 
sirable properties can be made more favorable by 
increasing the amount of tin in the alloy. Some 
work has been done with tin contents of 20 to 25 
per cent in aluminum-tin-copper alloys by the In- 
ternational Tin Research Institute. Alloys have 
been successfully cast with these compositions, but 
attempts to clad them to steel have been unsuc- 
cessful due to loss of tin. 

If aluminum is a general bearing material then 
it should be possible to use some of the commercial 
alloys for low load requirements. It should be 
possible to use commercial aluminum alloys where 
copper-base alloys such as 80-10-10 or 88-4-4-4 
are now used. In fact, aluminum 2024 (24S) alloy 
has been successfully run as an electric motor 
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bushing, although it is not in commercial use. It 
is thought that 2024 (24S), 5052 (52S) and 6061 
(61S) are all possibilities for bushing applications. 

Laboratory work is being continued to measure 
the bearing properties of commercial and experi- 
mental aluminum alloys. In the meantime, a look 
at the record will indicate new applications for ex- 
isting proved alloys. 

LoAD CAPACITY: Rated load capacities based on 
test results from various sources for connecting- 
rod bearings are indicated in Table 1. These are 
merely considered as safe maximum loads. 

These tests indicate that aluminum may have 
longer fatigue life than copper-lead with an over- 
lay. Bearing fatigue tests run in an Underwood 
bearing testing machine are shown in Table 2. 
It was found that, with these rather severe acceler- 
ated test conditions, the overlay on the copper-lead 
had a short life and that the copper-lead started 
to run hot and fatigue rapidly after the overlay 
was gone. Under less severe conditions it is expect- 
ed that the comparison will be more favorable for 
the copper-lead composition. On the other hand, 
the aluminum did run at much higher loads under 
the same conditions and without an overlay. 

In the tests run at 6000 psi, the aluminum was 
pounded down in the high load area and developed 
cracks parallel to and near the bond line. At 5000 
psi the failures had the appearance of typical fa- 
tigue. It was concluded that, at 6000 psi, resist- 
ance to pounding was being measured and that 
fatigue tests should not be run above 5000 psi. 


Table 1—Load Capacities of 
Steel-Backed Bearings 








Material Load Capacity* 

(psi) 
Babbitt, 0.010-0.020-in, thick .............. 1500 
Babbitt, 0.002-0.005-in. thick .............. 2000 
Gapperteed, GAR BS occ cccccccccccssosces 3000 
BORG GRMMMIIIED 6c ccc cc cccccccsvcccecoccce 3500 
GOS TORE QUOTIENT ccccc cc cccccccccsessce 4000 
ADARRRER GR GOOTE occ ccc cc csseccvece énwe 4000 





*1000 hours; normal operation. 


Table 2—Fatigue Tests on 
Steel-Backed Bearings* 


































Individual Average 





Test Running Running 
Bearing Load Times Time 
(psi) (hours) hours) 
SAE 14 babbitt, 0.005-in. thick.. 2400 50, 52 51 
SAE 14 babbitt, 0.005-in. thick.. 3000 2, 11 6.5 
65-35 copper-lead ..........e.++0. 3000 5, 16, 17, 24 16 
76-24 copper-lead with 0.001-in. 
lead-tin overlay ............... 3000 50, 68 59 
X8280 (XBS80S) aluminum ....... 5000 60, 78 69 
X8280 (XBS80S) aluminum ....... 6000 11, 21, 41 24 








*Accelerated tests run on Underwood bearing tester at 4150 rpm, 


350 F, 0.0015-in. bearing clearance, and 10 microinch max journal 
finish. 
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These tests indicate that the recommended max- 
imum of 4000 psi could be increased, and that alu- 
minum has enough extra load capacity to take 
care of the extra horsepower that is being de- 
signed into modern engines. 

It can also be concluded that the X8280 alloy 
can be used at higher loads at lower surface speeds. 
If appreciably greater loads are involved, then an 
alloy of higher yield strength would be required. 
Yield strength of the aluminum alloys can be 
raised by addition of copper, silicon, magnesium 
and nickel, although the hard aluminum alloys 
cannot be compared to the hard copper alloys, 
and load-carrying capacity will probably be less 
than in applications where the bronzes are now 
used. 

SEIZURE RESISTANCE: When bearing tests were 
run for the conditions given in Table 2, but with 
journal finishes of 10 to 15 microinches, seizures 
occurred. Under these conditions, journal finish 
was a limiting factor. However, seizures were 
also obtained with copper-lead. One seizure was 
obtained with the 65-35 alloy used without an over- 
lay. It was concluded that the seizure resistance 
of the 8280 alloy probably lies between that of 
65-35 and 76-24 copper-lead. Copper-lead depends 
on the presence of lead for seizure resistance. Since 
the lead is subject to corrosion, and may be lost 
from the surface, resistance to seizure decreases 
with use. However, there is less need for resist- 
ance to seizure as the bearings wear in. But, of 
course, if lead is lost from the surface the remain- 
ing copper constituent will cause increased rate 
of wear on the journal. 

Aluminum.-tin alloys contain only a small amount 


Heavy wall aluminum-lined steel- 
backed bearing formed from fiat 
stock, illustrating the forming possi- 
bilities of combining these metals 
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ALUMINUM BEARINGS 


of tin so the aluminum matrix must be seizure-re- 
sistant in itself. However, the tin does add seizure 
resistance, and since the tin and the aluminum 
matrix are both resistant to corrosion, seizure re- 
sistance should not decrease with time. 

Where seizure resistance of aluminum alloys is 
not adequate, it may be increased for low-load ap- 
plications by using a high tin alloy or, for high- 
load applications, by using an overlay. 


OVERLAYS: Overlays definitely increase fatigue 
life of copper-lead alloys. Apparently they delay 
the start of initial cracks by acting as a low-fric- 
tion surface. Testing of aluminum alloys with 
overlays has not indicated a gain in fatigue life 
due to the presence of an overlay. Therefore, not 
much is gained by use of an overlay. 

Yet there have been many examples where alu- 
minum bearings would seize unless an overlay 
was used. Apparently the overlay serves as a 
break-in surface. After the overlay is gone, the 
good seating and increased clearance obtained from 
wearing in are sufficient that the bearings will 
continue to run. The overlay also increases ability 
of the bearing to embed dirt. It is desirable to 
have an overlay thickness as great as the maximum 
size particle passed by the oil filter.4 


ALIGNMENT: In one bearing test, a set of bear- 
ings with a lead-alloy overlay were installed with 
zero clearance within the limits of measurement. 
The bearings ran hot and wore rapidly, but they 
did not seize. Such conditions would produce seiz- 
ure with bearing alloys other than those of lead 
and tin. 

One of the main bearings on the bearing testing 
machine was subject to edge loading due to pres- 
sure from the belt that drove the shaft. Babbitt 
bearings would run in this position until they were 
extensively fatigued. Aluminum X8280 bearings 
ran for several hours and then seized. Aluminum 
8280 bearings with a tin overlay ran for a rela- 
tively long time and even after the overlay was 
worn away near the edge. Eventually however, 
they began to run hot. Performance of the main 
bearings, subjected to edge loading, demonstrated 
the capacity of high-load overlay bearings to run 
under conditions of uneven load. Also, it was 
demonstrated that aluminum alloys will seize due 
to such conditions. 

On the other hand it was apparent that the 
aluminum alloys had some tolerance for misalign- 
ment. The bearings were all steel-backed bearings. 
It has also been found under conditions of poor 
alignment that solid aluminum bearings will not 
seize as readily as aluminum on steel. This is be- 
cause solid aluminum bearings will conform bet- 
ter than aluminum on steel. Solid aluminum bear- 
ings have a large mass that is capable of move- 
ment under pressure whereas the aluminum on steel 
is restricted by the hard backing. 

If aluminum bearings are to be used, bore, taper 
and out-of-round tolerances for the housing, the 
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journal and the bearing should be such that edge 
loading or local overloading due to improper fits 
will be avoided Modern instrumentation and qual- 
ity control are definite aids to assure better fits, 
and considerable progress has been made along 
these lines in the past decade. These factors may 
easily account for the relatively recent success of 
aluminum bearings. 

EMBEDDABILITY: Since aluminum is a relatively 
soft material, it has a greater ability to engulf dirt 
particles than the harder copper alloys. Consider- 
ing that copper-lead alloys are used without an 
overlay and that solid aluminum has been so used 
successfully, it is obvious that aluminum has suf- 
ficient embeddability for many applications. On the 
other hand, embeddability can be improved by the 
use of an overlay. An overlay thickness of 0.0005- 
inch will improve embeddability, although 0.001- 
inch is more effective. Since improvement in em- 
beddability in dependent on overlay thickness, and 
since the overlay is thin, loss of this property will 
be appreciable for a small amount of wear when 
an overlay is used. 

SPEED: Aluminum bearings will run successfully 
at surface speeds that are common for internal 
combustion engines, at the loads encountered in 
such engines. At lower loads they may be run at 
higher speeds. Or, by the use of high tin alloys 
or overlays, they may be run at higher speeds. In 
high-speed applications, misalignment or the pres- 
ence of dirt become important factors due to the 
possibility of building up heat more rapidly. 

CoRROSION: Corrosion is a problem with the cop- 
per-leads and to a lesser extent with the lead-base 
babbitts. Aluminum is fundamentally a corrodible 
alloy. But experience has shown that for the con- 











ditions normally encountered in an engine, corro- 
sion resistance is excellent. 

SHAFT FINISH: Problems of shaft hardness are 
not adequately understood. Certain limitations 
have been recommended in terms of the finish in 
microinches. If this value is placed sufficiently 
low, for normal grinding practice and a given shaft 
hardness, seizure may be avoided. The same sur- 
face finish obtained by a polishing method or ob- 
tained on a soft shaft may not guarantee freedom 
from trouble. It is believed that shaft hardness 
and surface finish may be related; that the desired 
type of finish is more easily obtained on a harder 
shaft. General recommendations may be made 
but more information on results obtained with dif- 
ferent methods of finishing would be desirable. 

Test results indicate that a worn-in shaft that 
is not excessively scored will be less liable to pro- 
mote seizure than a freshly ground shaft. Indica- 
tions are that a new set of bearings will be less 
liable to promote heat on such a shaft than on a 
new shaft. On the other hand a new set of bear- 
ings may seize on a used shaft that is galled. 

WEAR: In the use of sleeve bearings, wear is 
inevitable. Bearings wear and the shaft wears, and 
amount of wear depends greatly on the amount of 
dirt present. Resistance to wear depends primar- 
ily on hardness. It is much better to allow a soft 
bearing to wear, and prevent shaft wear, than to 
use a harder bearing at the expense of shaft wear. 
After all it is much more economical to replace 
bearings than to regrind the shaft. Also, the soft 
bearing will engulf dirt, whereas a hard bearing 
will hold the dirt at the surface and increase abras- 
ive wear. Aluminum is kind to the shaft because 

it is relatively soft, yet it is sufficiently hard that 










Solid aluminum bear- 
ings with heavy 
walls, used for many 
years at moderate 
loads and speeds in 
diesel engine service 
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its wear rate is not excessive. 


General Design: The problems of lubrication, 
oil grooving and clearance are essentially the same 
for aluminum on steel bearings as for other high- 
load steel-backed bearings. 


TEMPERATURE: Load capacity of bearings de- 
creases with increase in temperature. This is par- 
ticularly noticeable with the babbitts. It may be 
taken as a general rule that this loss of properties 
with increase in temperature can be approximated 
from the difference in operating temperature as 
compared to the melting point of the alloy. The 
melting point of aluminum is sufficiently high 
that there is no serious loss due to normal op- 
erating temperatures. 

Expansion of aluminum due to increase in tem- 
perature during operation must be taken into con- 
sideration. With thin aluminum and a steel back 
it need not be considered, but with heavy alumi- 
num, a sufficient temperature rise could result in 
complete loss of clearance. In this case, sufficient 
extra clearance must be allowed for the difference 
in coefficient of expansion between the aluminum 
bearing and the housing. However, the calculation 
should be made so that the clearance is normal af- 
ter the bearing has come up to operating tempera- 
ture. This property of aluminum may be some- 
what of an advantage since the clearance would be 
greater for initial starting and cold oil, than for op- 
erating conditions. 

OPERATING CONDITIONS: Final acceptance of a 
new or different bearing material will depend on an 
acceptance test. But such a test is expensive and 


Table 3—Estimated Limiting Test Condi- 
tions for Aluminum on Steel Bearings* 





Accelerated Endurance 





Test? Test 
Bearing Data 
Beaks GAM, Mi. ooo cs svcccccccscs 2% 2% 
CRenremee, GR. ccc cscccccese 0.0015 0.002 
Shaft finish, microinches ........ 10 10 
Limiting Test Conditions 
DO ER: occa i vd eenaccsewenneass 50 1000 
Temperature, deg F ............- 350 250 
RE, TE wcccaséadenascchetecass Me 3500 
GOR, GOR. occ kb de cco cecessies 4150 4000 
PV value, psi x ft/sec 228,000 145,000 





*X8280 (XBS80S) aluminum alloy. tSee Table 2. 


Table 4—Operating Speeds and Loads* 








Load Speed 
(psi) (rpm) 
DD dic ebt08 neh ae ak naaee wanes 7 000 
GT pou b6.50 bi 0600ke tock eeeewkskees 4 700 
CD oat shavsnkscdes ed sunebe shonwee ae 3 500 
DD. visti bbe s eho cetens es Aededae Rees 2 800 





*For 2% in. diam shaft. 
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one of the last stages of a testing program. The 
first step is to make an estimate from existing in- 
formation of the probable limiting conditions of 
the bearing material. 

Estimated limiting conditions for an accelerated 
test and an endurance test of steel-backed alumi- 
num bearings are shown in Table 3. Estimated 
conditions for the accelerated test are for the X8280 
alloy are close to those obtained by Underwood 
testing. To safely pass a 1000-hour endurance 
test, it was estimated that under slightly more 
stringent conditions, the load would have to be 
reduced by about 4. It should be noted that in 
the accelerated test the bearings were run to de- 
struction whereas in the endurance test they are 
still capable of operation after 1000 hours. 

From the same data, the limiting speeds for oper- 
ation at various loads are shown in Table 4 for a 
2%£-inch shaft, using a PV value of 145,000. Such 
data can be calculated for other shaft sizes from 
the PV values of Table 3. However, the propor- 
tionality should not be applied above 5000 psi since 
the Underwood test data indicates that the 8280 
alloy will pound out at higher loads. For higher 
loads a harder alloy might be considered. 


It is assumed that the accelerated test data can- 
not be safely exceeded as a maximum condition 
without danger of seizure. Under less severe con- 
ditions some leeway may be allowed, such as more 
tolerance on the shaft finish. However, this should 
not be greatly increased. It has been recommended 


Method of pinning the halves of a 
heavy-wall aluminum bearing with 
a steel pin 


































CONTEMPORARY 





that the shaft hardness be 165 brinell minimum for 
large diesel engines and 450 brinell minimum for 
high-speed engines. A finish of 10 microinches 
is recommended with 20 microinches acceptable. 

Maximum recommended load capacity for the 
aluminum-tin alloys is 4000 psi for cast aluminum 
and 5000 psi for aluminum on steel. Safe maxi- 
mum speeds can be calculated from the PV values. 
Tentative clearances of 0.00075-inch per inch of 
shaft diameter with an overlay, and 0.001-inch of 
shaft diameter without an overlay, have been rec- 
ommended. In the case of solid aluminum, extra 
clearance should be calculated to allow for thermal 
expansion. 

The overlay may be 0.0005 to 0.001-inch for small 
shafts and 0.001 to 0.002-inch for large shafts. The 
overlay may be tin or lead-tin. 

For high-speed high-load applications, the alumi- 
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num-tin or aluminum-silicon alloys are recom- 
mended. 

These recommended conditions are considered 
to be safe limitations and a starting point for the 
design of test bearings. In a testing program, it 
will probably be found that the maximum condi- 
tions can be exceeded. In the meantime it is best 
to play safe until more is learned about the limita- 
tions and applications of aluminum bearing alloys. 
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DESIGN 


Press Design 
Reduces 
Nonproductive Time 


RECENTLY introduced line of 

deep-drawing presses incorpo- 
rates a linkage that varies ram speed 
during the press stroke to provide 
high approach and return speeds and 
a slower, correct drawing speed dur- 
ing the working portion of the stroke. 
Operating speeds up to 80 per cent 
greater than the conventional crank 
press are claimed although actual 
drawing speed remains the same. 
Sizes range from 160-ton capacity up 
according to the manufacturer, Steel- 3 
weld Machinery Div., Cleveland Crane ' 


a ee ee 


& Engineering Co. The mechanism : 
has been applied to single-acting and : 
double-acting, one, two and four-point t 
presses. 
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A function generator for quickly drawing 
an atlas of input-output curves means 


a versatile graphical method for 


Designing Four-Bar Linkages 


By Allan C. Dunk 
Instructor, Mechanical Engineering 
Purdue University 
Lafayette, Indiana 


IMPLICITY of construction, efficiency of op- 
eration, dependability, low maintenance, low 
inertia effects, and freedom from wear are the 

design advantages of the bar link, if properly de- 
signed. Although the bar link is widely used in 
mechanisms and machines, full potential of the 
bar linkage is usually not exploited because of 
lack of knowledge of the relative motions involved. 

Motion analysis of a given bar linkage is rela- 
tively simple, but from given motion specifications, 
it is not correspondingly simple to design the link- 
age to produce the required motion with the de- 
sired degree of accuracy. This fact suggests a 
technique for synthesizing a four-bar linkage— 
making an educated guess at a design and then 
analyzing it to determine its suitability. If this 
were done systematically and the results of each 
trial design plotted, then these graphs could be 
used as bases for subsequent designs and eventu- 
ally produce a satisfactory design. Time and 
graphical work necessary might be greatly reduced 
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Fig. 1 — Four-bar linkage _ 
fanctini generator for devel- 


oping atlas of linkage curves 


if certain aids were available and were used. The 
Atlas compiled by Hrones and Nelson* may be used 
to advantage. 

Another kind of atlas of considerable assistance 
in the synthesis of four-bar linkages will be pro- 
posed in this article. Used in the development of 
an atlas is an instrument for generating the curves 
of angular displacement of one crank versus the 
angular displacement of the other. How these 
curves, compiled into an atlas, can be used to solve 
two kinds of problems will be demonstrated: (1) 
Design of a four-bar linkage which will cause a 
certain point on the coupler to follow a required 


*J. A. Hrones and G. L. Nelson—Analysis of the Four-Bar 
Linkage, John Wiley and Sons iInc., New York, and Technology 
Press of Massachusetts Institute of Technology, 1951. 
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path and (2) design of a four-bar linkage which 
will generate a required functional relationship 
between the input and output parameters. 


Atlas Plan: The function generator, Fig. 1, is 
used for mechanically drawing curves such as 
shown in Fig. 2. An atlas consists of curves of 
angle @ versus angle ¢. Since this angular rela- 


Fig. 2—Atlas details. Linkage gives 
symbols for angular-position refer- 
ence angles, links and pivots. Origi- 
nals of atlas curves are drawn on com- 
mercially available graph paper with 
heavy lines 1 inch apart, light lines 
0.l-inch apart. Original scale is 1 
inch=20 degrees. For convenience 
in grouping a number of curves on 
one sheet, the origin of the 8 axis 
is shifted up or down for the different 
curves. The £8 origin can be deter- 
mined by measuring or calculating one 
¢, 8 co-ordinate from the linkage 


Nomenclature 








One cronk rotating, one crank oscillating 
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tionship remains the same for all possible inver- 
sions of the linkage, the curve need be plotted for 


only one inversion. The curves in an atlas should 


be divided into the following three main groups: 


1. Cranks b and d oscillating only 


2. Either crank b or d rotating completely and 


the other oscillating 


3. Both cranks making complete rotations, (drag- 


linkage) 


Both cranks oscillating 
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Each main division of an atlas should consist of 
a series of curve families. Each family should 
have the same values for two of the three link 
ratios: b/a, c/a, d/a. The third ratio should vary 
throughout each family over a predetermined range. 
The curves should be so drawn on graph paper to 
permit interpolation. 


Function Generator: The detail drawings, Fig. 3, 
show how the function generator operates. The 
four-bar linkage is abcd. The other parts shown 
are required to transform and transmit angular mo- 
tions of the cranks to linear motions of the tracing 
pen P. Pen P is mounted in such a way that it 
is always at the intersection of the guide axes 
H-H and J-J. The guides are supported by rollers 
L,, Le, Lz, L4. Wires W, and W, move the guides 
in a plane parallel to the plane of the graph 
paper and the four-bar linkage, abcd. Pulleys E 
and F are approximately 6 inches in diameter. 


Links b and d rotate pulleys E and F, respectively, 
about axes A and D. The other pulleys which carry 
wires W, and W, have fixed axes and are 2 inches 
in diameter. 

The continuous wire W, makes one complete 
turn around pulley EF and then travels via the 
smaller pulleys to both ends of guide J-J and back 
to pulley E. Similarly, wire W. passes around 
pulley F and travels via smaller pulleys to both 
ends of guide H-H and back to pulley F. Wires W, 
and W. are in no way connected and they run on 
separate pulleys. Wherever a wire W, must pass 
around the same pulley more than once, the wire is 
wrapped around the pulley always in the same di- 
rection. When pulley £ is rotated by crank b, 
wire W, causes J-J to move perpendicular to itself 


Fig. 3—Details of four-bar linkage function generator 
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C) Layout of Ww ) 


Pulley F 
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Pulley with 
horizontal axis 

















Layout of W, 
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through friction between wire W, and pulley £. 
Similarly rotation of F causes guide H-H to move 
perpendicular to itself. The pivots A and D are 
movable so that the lemgth of link a can be 
changed. Length of links b c, and d can also be 
varied at will. Pivots A and D are mounted in 
such a way that complete rotations of b and d are 
possible. 


Designing Point Paths: An atlas might be used 
in the design of a four-bar linkage required to pro- 
duce a specified path of travel for a point. Sup- 
pose the required path is a straight line. That is, 
some point on the connecting rod is required to 
travel a straight-line path. 

The first step, Fig. 4, is to choose a reference 
line OZ, a crank of some convenient length OA, 
and one side AE of the coupler triangle.+ Locate 
the required path XY as desired relative to the ref- 
erence line OZ. (Fig. 4) Now determine the values 
of angles ¢ and @ for successive positions of E 
along the path XY. Angle ¢ is then plotted on trans- 
parent paper, Fig. 5, against angle @ to the same 
scale that the curves in the atlas are plotted. 
Curves in Fig. 2 are miniatures from the proposed 
atlas. 


+tKurt Hain—Angewandte Getriebelehre, 1952, Hermann Schroedel, 
Hannover, Darmstadt. 
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/ Fig. 4—Layout showing how 
: points on straight line XY 
ie tll are related to angles 8 and ¢ 
for partial linkage EAOZ 














Fig. 6—Four-bar linkage developed 
from atlas and transparent overlay 








The transparency, Fig. 5, is then tried over the 
curves in the atlas until a good fit is obtained. In 
the fitting operation, the axes of the overlay curve 
must at all times be parallel to the respective axes 
of the curves in the atlas. When a fit has been 
obtained, the dimensions of the required four-bar 
linkage can be determined from the key of link 
ratios on the page of the atlas. However, before 
the complete mechanism can be laid out, certain 
angular relationships must be adjusted. 

The amount the f-axis of the overlay is shifted 
to obtain a fit is the angle (a) through which 
link OC must be rotated—from OZ to OK, Fig. 6. 
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Fig. 5—Overlay of 8 versus ¢ required of 
linkage to produce straight-line motion 
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Fig. 7—Layout showing actual mo- 
tion produced by linkage of Fig. 6 
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The layout of the linkage can then be made. Choose 
a value for @ and lay out OA making an angle 
@ + @ with OK. Link AE may then be laid off at 
the corresponding angle 8. The other two pivots 
B and C of the four-bar linkage may then be lo- 
cated by use of the data from the atlas key. The 
angle 7 is the angle which the ¢-axis of the overlay 
is moved relative to the axis of the atlas. The 
coupler triangle can then be completed by joining 
E and B. 

The path of # for the linkage design chosen 
should be checked to determine if it is satisfactory. 
The path traveled by point # on the linkage de- 
signed in this example is illustrated in Fig. 7. 

A fit may be found to fall between two £ ver- 
sus ¢ curves. Then, an approximation or interpola- 
tion can be made. The linkage so obtained should 
be laid out to determine if the path produced is 
satisfactory. 


Designing Input-Output Functions: Suppose 
some functional relationship is to be generated 
by a mechanical linkage. The atlas method is 
applicable whether the parameters are linear or 
angular. If one of the parameters is linear and the 
other is angular, then a slider crank may be used 
in series with the four-bar linkage. 

The onus of generation of the function can be 
divided approximately equally between the slider 
crank and the four-bar linkage. Also the slider 
crank alone can be used to convert linear motion 
to angular motion and the four-bar linkage can 
be employed to generate the function. Or finally, 
the slider crank can generate the function as well 
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as convert the variable; the four-bar linkage would 
apply a correction to the output parameter. 

For any of the techniques, the desired @ versus 
¢ relationship can be plotted for the range of the 
variable required and for a chosen range of the 
input parameter 8. The curve can be plotted on 
a transparent overlay to the same scale that the 
curves in the atlas are plotted. A fit would be ob- 
tained in a way similar to that previously described, 
and the dimensions of the four-bar linkage deter- 
mined from the atlas key. 

A set of data chosen at random is tabulated in 
Fig. 8 for the chosen ranges, Ad = 140 degrees and 
AB = 23 degrees. The graph in Fig. 8 is a plot of 
these data drawn to the same scale as that in the 
atlas. A reasonable fit for this curve was obtained 
on one of the atlas pages shown in Fig. 2. Link 
ratios are b/a = 1, c/a = 5/6, d/a = 4/6 and 
ranges from 159 degrees to 299 degrees. 


Conclusion: The function generator described 
in this article offers an advantage for many situ- 
ations in that it produces a Cartesian co-ordinate 
plot of the variables. 

Once constructed, the generator can be used to 
develop curves and atlas sheets in endless number. 
Perhaps the most practical approach, however, is 
to prepare atlas sheets in the known or suspected 
region of link ratios for the job at hand. With 
each sheet indexed by link ratios, as already out- 
lined, it fits into place in the atlas. As the proc- 
ess continues, the gaps in the atlas are filled in 
and the range of ratios is extended to include all 
likely or practicable requirements. 
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By G. W. Michalec* 


Staff Member 
General Precision Laboratory Inc. 
Pleasantville, N. Y. 


integration of backlash throughout the gear 

train was analyzed in the first article of this 
series. Various methods for backlash control and 
elimination will be discussed in this article. Also 
a numerical example will be presented to show how 
backlash calculations are made. 


Undesirable effects of backlash, particularly in 
the instrumentation, automatic control and com- 
putation fields, have led to ccnsiderable effort 
toward its elimination and control. To make perfect 
gears is impossible, and the cost of high preci- 
sion gears may often be prohibitive. Therefore, 
special design, fabrication, and assembly tech- 
niques have been developed to allow the use of 
imperfect gears and associated parts without the 
consequence of excessive backlash. Some of these 
special methods are: 


 integrat of backlash were reviewed and the 


1. Adjustable centers 
2. Antibacklash spring-loaded gears 
3. Antibacklash gear trains 
a. Multiplicity of antibacklash gear meshes 
. Auxiliary antibacklash gear train 
. Auxiliary torque motors 
. Hairsprings 
. Series meshing of split gears and one anti- 
backlash gear 
. Fixed split gears 
. Selective assembly 
. Special boring templates and gear sizes 
. Tapered gears 
. Worm mesh backlash reduction 
a. Variable lead worms 
b. Hinged spring-loaded worms 
9. Run-in gears 


Adjustable centers can be used to decrease back- 
lash in assembly by varying the gear center dis- 
tance. Feasibility of this procedure depends upon 


*Also Associate, Dept. of Mechanical Engineering, Columbia 
University, New York. 
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Fig. 9--Two types of ad- 
justable gear-center designs 


the application. Shafts hung between bearings in 
separated housings are difficult to adjust because 
of the need for maintaining parallelism. However, 
where the gears are overhung, either eccentric 
bearing bushings or oversized bearing housing 
holes can be used for adjustment, as shown in Fig. 
9. A further variation would be a gear mounted 
on an adjustable arm, such as used in the change 
gear boxes of lathes and gear-generating machines. 

This backlash remedy is most advantageous when 
only the last mesh of a train is to be adjusted, 
which is often the case since in a reduction train 
the last mesh has the most effect on total backlash. 
Obviously, adjustable centers for a series of gear 
meshes is cumbersome because of the interrelation 
of each shaft pair. 

Adjustable centers are sometimes utilized in 
the interconnection of subassembly units by means 
of gearing. The relative positions of subassemblies 
are determined by adjustment until backlash re- 
quirements are achieved and then the units are 
made fast. 
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Adjustable gear meshes increase as- 
sembly cost and make field maintenance 
more difficult. However, they do allow 
more liberal tolerances on gear center loca- 
tions and gear size, which partially make 
up for the increased assembly cost. 

There are several distinct disadvantages 
in using adjustable centers. First they re- 
quire skilled assemblers, for adjustments 
are in the order of 0.0005 to 0.001-inch in- 
crements. Second, adjustable centers are 
subject to misadjustment, and in the field 
there is no assurance of a comparable qual- 
ity of readjustment to that originally used 
inassembly. Third, at best, adjustment can 
take out all backlash except those components due 
to eccentricities. The goal is zero backlash for the 
tightest point of mesh, and for other positions 
backlash will remain. 


Antibacklash gears, also known as spring-loaded 
or scissor type, have the unique advantage of elimi- 
nating all backlash when properly applied. They 
are usually of the design shown in Fig. 10, al- 
though the method of designing the spring loading 
may vary. The variations evolve about “C’’ type 
springs or torsion springs. Regardless of the de- 
tails of the specific design, the antibacklash gear 
consists essentially of two gear members rota- 
tionally free relative to one another, but con- 
strained axially. 

Spring loading forces the two gear sections apart 
sufficiently to completely fill the tooth space of a 
full faced mating gear. Thus, the spring-loaded 
gear elements adjust themselves automatically to 
the required tooth thickness. One of the gear mem- 
bers has a hub and is made fast to the shaft, with 
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the other member free. The free gear acts merely 
as a loading cam. The accuracy of its tooth pro- 
file does not affect the accuracy of transmission of 
motion, which is only governed by the precision of 
the fixed gear. Thus, the free gear need not be 
of high quality, although the closer it resembles 
the fixed gear, the less motion between them. 

For antibacklash gears, spring wind-up must be 
specified, either as a spring-loading torque or a 
wind-up of a given number of teeth. Making mesh 
with spring loading is difficult; therefore, to assist 
assembly and also to provide an inspection check, 
the gear members can be loosely pinned at the 
specified wind-up. Then, after the mesh is made, 
the pin is removed. This method provides the in- 
spection check that the pin holes must be aligned. 

Various types of small fine-pitch antibacklash 
gear assemblies and their constituent parts are 
shown in Figs. 11 through 14. Advantages of us- 
ing spring-loaded antibacklash gears are: 


1. Tolerances on center distance and gear size 
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Fig. 11—Spring-loaded antibacklash 
gear using extension type springs 





Fig. 13—Antibacklash gear utiliz- 
ing a “C” type spring. Gear is 
64 pitch, 1-inch pitch diameter 


need not be close since backlash due to these 
variations will be eliminated. Further, if ac- 
curacy of transmission is no concern, the to- 
tal composite error, bore clearance, bearing 
runouts, etc., can have wide tolerances. 

2. All backlash is continually eliminated. 

3. Differential expansion effects on backlash are 
automatically corrected. 


Main disadvantages of these gears are: 


1. Spring loading must be at least equal to the 
maximum load to be transmitted, which is not 
always easy to predict. Thus, this type of 
gear is limited to relatively low torque. 

2. Gears and bearings are always loaded to a 
maximum, which increases friction losses. 

3. Much reliance is placed upon the assemblyman 
since these gears are subject to malfunction if 
not properly spring loaded. 

4. The double gear element requires the pinion to 
have a comparably longer face. Also, the 
weight and space required by the free gear can 
become a consideration in small, compact in- 
strument designs. 


Antibacklash gear trains are considered when 
it is necessary to eliminate or reduce the backlash 
of more than just one specific mesh. Several al- 
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Fig. 12—Spring-loaded gears 
employing compression springs 











Fig. 14—Torsion type antiback- 
lash pinion of 48 pitch, 14 teeth 


ternative methods can be used: 

MULTIPLICITY OF ANTIBACKLASH GEAR MESHES is 
possible, consisting of a simple application of anti- 
backlash gears; that is, one gear of as many pairs 
as necessary is made antibacklash. Thus, back- 
lash is only eliminated in those meshes which are 
composed with spring-loaded gears. However, since 
only the heavily contributing backlash meshes are 
made antibacklash, this method allows for efficient 
use of antibacklash gears. 

AUXILIARY ANTIBACKLASH GEAR TRAIN can be 
used to remove the train backlash by winding up 
the gears by means of a second gear train, as shown 
in Fig. 15. In effect, there are two gear trains: 
the functional or desired train, and the auxiliary 
antibacklash train. The input shaft has two identi- 
cal gears or one wide gear. The output shaft has a 
fixed gear and a spring coupled gear which is part 
of the antibacklash train. 

Between the input and output shafts, the func- 
tional gear train is duplicated in the antibacklash 
train. The duplication need not be exact, gear for 
gear, but the overall velocity ratio must be the 
same. The spring coupled gear on: the output 
shaft is loaded to exert the desired torque when 
meshed, thus loading all meshes of the entire train. 


MACHINE DESIGN—February 1955 


























This method has the advantage of removing a 
great deal of backlash with one spring. However, 
in most cases this is unnecessary since in high 
velocity trains the last one or two meshes are the 
only critical ones. Also there is the further dis- 
advantage of requiring twice as many parts and 
considerably more space. 

AUXILIARY TORQUE MOTOR is used to remove 
much of the backlash from a series of stages in a 
gear train by employing a small auxiliary torque 
motor which is constantly energized in the same 
direction of rotation. This auxiliary motor causes 
the gear meshes to be constantly loaded in one di- 
rection and thus eliminates backlash. However, 
to avoid having the motor drive the train back- 
ward, this technique is limited to applications 
where there is considerable gear reduction, so that 
the torque motor faces into a friction load magni- 
fied from the higher speed stages. Thus, only the 
backlash of the last few stages is eliminated, but 
this is very satisfactory since they are the stages 
contributing the bulk of the gear train backlash. 
Also, because this method is limited to high-veloc- 
ity gear trains, the added load of the auxiliary 
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torque motor is negligible for any prime mover 
located at the high-speed end of the gear train. 

A gear train utilizing a torque motor is illus- 
trated schematically in Fig. 16. 

This method of backlash elimination is most 
suitable for gear trains which have many meshes 
at the low-speed end. It has the further outstanding 
advantage that the output has no restriction upon 
the number of turns it can make. However, this 
method does require the expense of an extra motor 
plus the requirement of installation space and 
power consumption. Further, it should be realized 
that this means of backlash elimination is nct 
applicable to cases where the loads are high, for 
then a small auxiliary motor would not fulfill the 
function and use of a larger unit would be poor 
design, besides causing considerably greater gear 
train loads. 

HAIRSPRINGS can be used to replace the torque 
motor with a spring force for gear trains having 
limited rotation on the low-speed end, such as the 
drive of a potentiometer or a dial. Usually the 
spring is of the torsion variety, having one end 
fixed and the other fastened to a gear of the 
train. Prior to making the mesh the spring is 
wound an appropriate number of turns. Then, 
in mesh the spring will force the gear against its 
mate, thus eliminating backlash. If there is addi- 
tional gearing beyond the hairspring mesh, its 


Fig. 16—Gear train utilizing a 
torque motor to eliminate 
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backlash will also be eliminated to the point in 
the gear train where the spring force cannot over- 
come friction. A schematic illustration is shown 
in Fig. 17. 

Note that in the use of an antibacklash spring, 
the spring force is merely used for loading the 
gears to one side of each mesh, just as in the case 
of the torque motor. The gear train will always re- 
main loaded in this direction provided the driven 
load never exceeds the spring torque. This implies 
limitation to light duty and small instrument ap- 
plications, resulting in the spring being of small 
design, and hence often referred to as a hairspring. 

An important limitation of its application, be- 
sides low torque transmission, is the restriction 
of motion since a torsion (or other type) spring 
can only make a finite number of turns, the exact 
number depending upon the design. Also, the de- 
sign of the spring should favor a low spring rate 
so as to diminish the variation of spring torque 
with deflection. 

In some special cases hairsprings are used where 
the load exceeds the spring force, but where the 
drive is only unidirectional. In such applications 
the function of the hairspring is limited to the 
elimination of the backlash of one mesh only. 

SERIES OF SPLIT GEARS AND ONE ANTIBACKLASH 
GEAR is a variation of the form and application of 
the antibacklash gear in the case of certain other 
special gear trains. An example is when one gear 
is to drive two or more gears without backlash, 
which is fairly common in computers where one 


gear positions several component shafts. In the 
example shown in Fig. 18, the series of gears is 
spring loaded by one antibacklash gear at the end 
of the train and two additional double gears, iden- 



































tical to antibacklash gears except they have no 
loading springs. Thus, the end gear loads the en- 
tire train. 

Two precautions must be observed. The spring 
loading must be ample to drive the entire load and 
each member of the double gears must mesh with 
only its appropriate mates. This latter precaution 
can be readily observed by spacing the gear mem- 
bers apart. This type of train design has several 
advantages when compared to the previous alterna- 
tives. First, it involves fewer parts and much 
less space. Second, the double gears are stand- 
ard antibacklash gears but without springs; thus 
common parts are used. 


Fixed split gears constitute a variation of anti- 
backlash gear design for applications of high 
torque where the spring loading would become un- 
reliable. This method uses the fixed and free gear 
elements without springs, but with the addition 
of locking screws. In this procedure, the two gear 
members are adjusted in mesh to properly fill the 
tooth space and then clamped together securely by 
means of locking screws. In some very high torque 
applications where reliance on the friction locking 
action of the screws is dubious, the gears are either 
doweled or riveted together. 

In the use of this design, caution must be taken 
to be certain the gears are locked at their tightest 
point of mesh. If this is not done, there will be 
interference when the tightest point of mesh comes 
into contact. 

The main advantage of this type of antibacklash 
gear is elimination of spring loading and its faults 
of limited torque transmission and continual load- 
ing of gears and bearings. Moreover, relatively 
wide tolerances on center distance and gear size 
can be used because their effects are eliminated. 

However, this design has the following disad- 
vantages: 


1. At best, backlash components fixed in value 
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can be eliminated. Backlash components vari- 
able with rotation cannot be removed. 

2. Assembly is involved and expensive since it 
requires a skilled mechanic upon whom much 
reliance is placed in properly adjusting and 
locking the gears. 

3. Again, the double gear requires a wide-faced 
pinion resulting in a larger assembly. 

4. These gears are not interchangeable since each 
gear assembly is set up for a specific center 
distance. Also, for a given pair of centers, if 
the parameters affecting backlash components 
variable with rotation are altered, there may 
be a resultant interference since the split gear 
is set up for an original different combination 
of conditions. 


Selective assembly, as a method of eliminating 
backlash, can be used where production quantities 
are great enough to provide selectivity for each 
parameter affecting backlash. The various parts 
comprising the assembly are inspected and segre- 
gated at inspection. Later, in assembly, the parts 
are selected to provide the desired backlash condi- 
tion. 


Advantages of this method are: 


1. Gears are simple in design. They are half the 
width and weigh less than antibacklash gears. 

2. There is no limit in torque transmission except 
limiting tooth strength. 


Disadvantages are: 


1. Large production is required to provide a se- 
lection. 

2. Inspection and assembly costs are increased. 

3. Backlash components variable with rotation 
cannot be eliminated. 

4. Interchangeability is lost and field replacement 
difficulties increase. 


Special boring templates and gear sizes consti- 
tute a method that is not commonly used. How- 
ever, it is an example of special efforts that can 
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be made to combat backlash. 

In this procedure, the drill template or jig for 
the boring of gear centers is made and tried on a 
work piece. Then, the actual gear center distances, 
as measured from the sample work piece, are used 
for calculating the exact size of the gears. For 
each gear mesh, one gear is produced and then in- 
spected so as to determine the size of the mating 
gear for minimum backlash of the mesh. The 
drill template can have relatively open tolerances 
on center distance, but the jig should have a high 
degree of reproducibility in each work piece. The 
only particular advantage of this method is the 
elimination of most of the backlash due to center 
distance variation. However, this is offset by the 
following disadvantages: 


1. Only backlash due to center distance variation 
is eliminated. 

2. The gears are of special size, which eliminates 
interchangeability between production lots from 
different drill templates. 

3. Limited production is obtained due to drill bush- 
ing wear. 


Tapered or conical gears are not used to any 
appreciable extent but offer considerable possibili- 
ties. Perhaps they would find greater use if their 
principles were more widely understood. 

Normally, spur and helical involute gears have 
tooth elements parallel to the pitch plane, Fig. 19a. 
However, if the gear were generated by a shaping 
process whereby the cutter reciprocates along an 
axis inclined to the gear blank axis, the result 
would be a gear such as shown in Fig. 19b. This 
could also be done on a hobbing machine by hav- 
ing a cam or linkage alter the distance between 
the hob and work as the tool is fed across the gear 
blank. 

Across the length of the pitch cylinder, this gear 
has variable tooth thickness, from a minimum at 
one end to a maximum at the other. In effect, 


Fig. 20—Experimental tapered gears mounted 
on test bracket. Pair at left is 24 diametral 
pitch; pair at right is 64 diametral pitch 
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Fig. 21—Backlash reduction in 
worm mesh achieved with a 
variable- width worm tooth 


it is a modified gear, but one composed of infinite 
degrees of modification between two limits. If two 
such gears are meshed, Fig. 19b, they are conju- 
gate, with full line contact. Since they are of in- 
volute form, their center distance can be varied 
with no ill effect upon gear action. As can be 
seen from Fig. 19b, backlash can be conveniently 
adjusted by relative axial movement of the gears. 
Experimental pairs are shown in Fig. 20. 


Advantages of this method are: 


1. All backlash except components variable with 
rotation can be eliminated. 

2. The fine adjustment to eliminate backlash is 
done with a noncritical (magnified) axial 
movement. 

3. Torque transmission is only limited by tooth 
strength. 

4. Complete interchangeability. 


Disadvantages are: 
1. Production of these gears requires modification 
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of standard generating machines with special 
attachments. 

. Inspection of these gears requires matched 
master gears or master racks. 

. The feature of axial adjustment places another 
demand on the design. 


Worm mesh backlash reduction is a difficult 
problem. Adjustable centers have been used with 
some success. However, another solution is a worm 
with variable lead; a variable-width worm tooth 
results across the axial length of the worm. In 
assembly, mesh with the worm gear is made by ax- 
ially sliding the worm until the backlash of the 
mesh is absorbed. Then the worm is fixed, Fig. 21, 
by fixing the worm gear and screwing in the worm. 
At best, this method will only eliminate nonvari- 
able components of backlash. 

Chief disadvantages are: 

1. Requires an unusual worm made with special 

attachments on a thread milling machine. 

2. Actually, backlash along the line of action will 

vary because of the variable worm lead. 

3. If mesh is not set up and checked for the be- 

ginning of gear action, there might be binding. 


Another method for eliminating worm mesh 
backlash is to pivot one worm shaft bearing about 
the other bearing which is hinged and thus force 
the worm into intimate contact with the worm 
gear by means of a loading spring. This arrange- 
ment is shown schematically in Fig. 22. 

This method has the usual disadvantages of 
spring loading and, in particular for this type of 
gearing, continual spring loading is undesirable 
because of the large amount of sliding and rub- 
bing in a worm mesh. Fortunately, backlash due 
to wear will be automatically eliminated by the 
spring loading. A further serious disadvantage 
is that the worm shaft bearings must be movable, 
which complicates the design. 


Run-in of gears is not recommended. The some- 
times common notion that backlash can be mini- 
mized by making interference gear center distances 
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and then running in the gears is basically wrong. 
Involute gears will not preserve their profile under 
abrasive wear. This condition is obvious because 
the rate of cam sliding varies from zero at the 
pitch line to maximum at the base cylinders. Thus, 
wear will vary across the profile, which will re- 
sult in loss of involute shape and conjugate action. 

Further disadvantages are that throughout a 
gear train, the velocity ratio varies with each 
mesh. Thus the rates of wear are radically dif- 
ferent, requiring separate running-in set-ups. Also, 
abrasive compounds are dangerous in precision 
mechanisms, and cannot easily be completely re- 
moved. 

Therefore, this method should never be con- 
sidered. 


An evaluation of methods to eliminate or reduce 
backlash, in terms of application to the instrument 
and computer field in general can be presented 
briefly. 

Antibacklash gears are very commonly used in 
low-torque applications. Adjustable centers are 
also commonly used, particularly where there are 
appreciable loads. Selective assembly is only re- 
sorted to in extreme cases where production is suf- 


ficiently high to make it feasible. Tapered gears 
have vast potentialities, but due to lack of gen- 
erating equipment, must still remain relatively un- 
explored. The balance of the methods are special 
cases and their employment would require detailed 
knowledge of the applications. As has been indi- 
cated, run-in of gears is not even to be considered. 


Calculating Maximum and 


Probable Backlash 


Regardless of the detail design of the gear 
train, it will have some amount of backlash, unless 
it is designed exclusively with antibacklash gears 
such as just reviewed. Therefore, the ability to 
calculate maximum and expected probable back- 
lash from the design drawings is of considerable 


value. The procedures for doing this have been 


Fig. 23—Gear train details for example demonstrat- 
ing how to calculate maximum and probable backlash 
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DESIGN CONDITIONS 


Gears on motor and synchro are mounted on their shaft 
ends. All other gears mounted in ball bearings class 
ABEC-5; radial play 0.0003 to 0.0006-inch. 

All gears: 48 pitch, 20-degree pressure angle; number 
of teeth and AGMA gear class as noted on schematic. 
The AGMA specified backlash per pair is to be equally 
divided between the two gears of the pair. 

gears pinned to shafts except G-1 and P-3 which 
clamped. Recommended fits of Table 5 are to be 


2 and $-3 are 4 inches long, centerless ground 
and can be considered accurate to 0.0001-inch 
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total indicator reading per inch. The bearings are at 
the shaft ends and the gears are located approximately 
1 inch from the bearings. 

5. The gear centers are so co-ordinate dimensioned that 
the minimum center distance is nominal. The tolerance 
on co-ordinates is +0.0005-inch. Orientation of cen- 
ter lines relative to co-ordinate axes X-X and Y-Y is 
shown by accompanying sketch. 

diameters are 


207 





Table 8—Example Calculations 


Mesh 1—Groups A and B 





Pinion P-1 
. Max. Prob. Prob. 
Backlash Fact. Backlash Backinch Fact. Backiash 





Backiash 
Components 





1. Center 
variation . 
(for a meshed pair) (.002) 

.0014 


distance’ 


(.001) 
.0007 
2. Gear size and tol- 
erance: Intentional 
size reduction 
Size tolerance .... 
3. Clearance of syn- 
chro in mounting 
BED ccvsccecececee 


0005 
00025 


0005 
-0005 


.0005 
.00025 


(.00075) 
.00055  % 


(.00037) 
.00027 

4. Synchro shaft ra- 

dial play ......... (00025) 
.00018 , 


(.00012) 
.00009 
5. Radial play of 
ball bearing on S-2 (.0003) 
.0002 2/3 


(.0002) 
.00014 
6. Ball bearing outer 
race eccentricity (on 
ae 66s6eseeecese (.0001) (.0001) 
.00007 .00007 
0031 .00127 .00095 


Sum of backlash . .0018 


Therefore, backlash at mesh 1 for components of 
Groups A and B only: 


Maximum backlash = 
Probable backlash = 


.0044-inch 
.00276-inch 


0031 + .00127 = 
0018 + .00095 = 


Mesh 1—Group C 
—- —_———Gear G-1 Pinion P-1_— 
Max. Prob. Prob. Max. Prob. Prob. 
Backlash Fact. Bachineh Bactinch & Fact. Backinsh 








Backlash 
Components 





1. Total composite 
error cecese (.0004) 
.00029 


. (.0005) 
.00036 


(.0004) 
-00029 


(.0005) 
.00036 

2. Radial clearance 

between gear bore (.00025) 

GUE GREE co ccceces .00018 My 

3. Synchro shaft 

runout ..... 


(.00019) 
.00014 


(.00025) 
.00018 % 


(.00019) 
.00014 


. €,0005) 
000385 


(.00035) 
.00025 
(.00005) 
.000036 1 


4. Shaft 8-2 runout 
at position of P-1.. 
5. Ball bearing in- 
ner race — 
(on 8-2). ° 
Sum of backlash ae 


(.0001) 
.00007 


.0009 -00065 


.00068 








Therefore, for components of Group C only: 
Maximum backlash for mesh 1 = .0009 + .00065 
= .00155-inch 
The probable backlash is obtained as follows: 
The phasing factor for each error will be assumed to be 
0.7. Therefore, the probable sum is multiplied by 0.7 to 
obtain the net probable error for each gear. A phasing 
factor of 1 for the meshing of the gears is applied be- 
cause the velocity ratio of the mesh is greater than 2. 
Thus, 
Net probable backlash error for the mesh due to eccen- 
tricity sources = .7(1) (Eg ip) + Epip)) 
= .7(1) (.00068 + .00054) = .00085-inch 
This is a maximum backlash value since with rotation 
its value will undergo changes between the values 
+ .00085-inch. 
The grand total backlash of mesh 1 for all three 
groups of sources will be 
Maximum backlash = By, = .0044 + .00155 = .006-inch 
Probable backlash = B,,.» = .00275 + .00085 = .0036-inch 
Converting to angular backlash measured at the pinion 
shaft S-2, 
Maximum backlash = .006/rp_,; = .006/.208 
= .029-radian = 1.65 degrees 
.0036/.208 
= .017-radian = .99 degree 
In a similar manner, the backlashes of meshes 2 and 
3 will be determined. However, the backlash errors due 
to Group C will be omitted since the individual sources 
of this group are mostly negligible and, besides, for 


Probable backlash = 


higher-speed shafts such as S-2 and S-3 the probable 
average will be their algebraic mean which is zero. 


Mesh 2—Groups A and B 





Gear G-2 Pinion P-2——— 
Max. Prob. Prob. Max. Prob. Prob. 
Backlash Fact. Backiash ‘Bachinsh Fact. Backlash 





Backlash 
Components 





1. Center distance 
variation (for meshed (.002S) (.0014) 
er : .002 hy .001 


2. Gear size ond ‘tol- 

erance: 

Intentional size re- 

GROUSE a wc cccecess ‘ 001 001 


Size tolerance eeeee .0005 .001 

3. Ball bearing ra- 

dial play (.0003) 
.0002 


(.0002) 
.00014 


4. Ball bearing out- 


er race eccentricity. (.0001) (.0001) 


-00007 
.00227 


(.0001) 
-00007 


Sum of backlash... 


Therefore, the backlash for mesh 2 is: 
Maximum backlash = .00427 + .00227 = 
Probable backlash = .00271 + .00171 = 

Converting to angular backlash measured 

on shaft 8-3, 
Maximum backlash = .0065/rp_2 = .0065/.208 
= .031-radian = 1.8 degrees 


Probable backlash = .0044/.208 
= .021-radian = 1.2 degrees 


.0065-inch 
.0044-inch 
at pinion 


Mesh 3—-Groups A and B 








————Gear G-3 Pinion P-3———— 
Max. Prob. Prob. Max. Prob. Prob. 


Backlash 
Backlash Fact. Backlash Backlash Fact. Backlash 


Components 





1. Center distance 
variation (for meshed (.002) 
Pe .0014 
2. Gear size ont ‘tol- 

erance: 

Intentional size re- 
duction .001 .001 
Size tolerance .001 .0005 
3. Ball bearing ra- 
dial play on 8-3... 


(.001) 
-0007 


(.0003) (.0002) 
.0002 / .00014 
4. Ball bearing out- 
er race eccentricity (.0001) (.0001) 
.00007 .00007 
(.00075) 
.00055 


5. Clearance of mo- 
tor in mounting hole 


6. Motor shaft ra- 


Ged GE ccccee (.00025) 


.00018 


Sum of backlash .. .00241 .00273 


Therefore, the backlash for mesh 3 is: 
Maximum backlash = .00367 + .00273 = .0064-inch 
Probable backlash = .00241 + .00186 = .0043-inch 
Converting to angular backlash measured on shaft S-4, 
Maximum backlash = .0064/rp_3; = .0064/.1875 
= .034-radian = 2 degrees 
Probable backlash = .0043/.1875 
= .023-radian = 1.3 degrees 
The total backlash for the entire gear train measured 
at the motor shaft will be the sum of backlashes for the 
three meshes. However, the backlash values for each 
mesh must be modified by velocity ratio when measured 
at the motor. 
Thus, the total backlash for the gear train measured 
at the motor shaft (8-4) is: 
By-3 + NiBy-2 + No Bu-r 
= 2+ 10 (1.8) + 50 (1.65) = 102 degrees 
where N, = ratio of mesh 3 and N2 = ratio of mesh 3 
times ratio of mesh 2. 
Similarly, the total probable backlash for the gear 
train measured at the motor shaft is 
1.3 + 10 (1.2) + 50 (.99) = 74 degrees 
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presented in Part 1. However, to present a better 
understanding and appreciation of this analysis 
an illustrative numerical example will be analyzed. 

Assume it is required to determine the maximum 
and probable backlashes, measured at the motor 
shaft, for the gear train shown in Fig. 23. Design 
conditions for the problem are also enumerated in 
Fig. 23. Tables 1 to 7, Part 1, contain data or ref- 
erences necessary for certain of the procedures to 
follow. The calculations are tabularized in Table 8. 

For convenience, the various backlash compon- 
ents for each gear and pinion mesh are tabulated. 
Both maximum and probable values are listed. The 
backlash component for center distance is for a 
meshed pair. Its value is arbitrarily listed in the 
gear column but, of course, is related to both the 
gear and pinion. 

The figures at the upper left and in parentheses 
are the eccentricity values directly obtainable from 
the given conditions and data, and are converted 
to equivalent backlash by use of Equation 1, Part 1. 
Data given as total radial shake, diametral clear- 
ance or total indicator reading must be halved in 
order to obtain eccentricity. 

The designations Group A, B, or C refer to the 
various types of backlash components as defined 
in Table 7, Part 1. 


Gear center variation, from the information giv- 
en, is not intentional The only opening is that due 
to tolerances on location of the gear centers. There- 
fore, the actual center distance is equal to the 
nominal center distance plus the total center-dis- 
tance tolerance. 

Note that the value of total tolerance depends 
upon both the tolerance on the co-ordinate dimen- 
sions and the orientation of the line of centers 
relative to the co-ordinate axes. This point was 
explained earlier in connection with Fig. 2, Part 1. 

In the case of line of centers parallel to the co- 
ordinate axes, the total tolerance will be 0.002-inch; 
with the line of centers at 45 degrees it will be 
0.0028-inch. 


Since the co-ordinate dimensions have bilateral 
tolerances, the assumption will be made that the 
probable center distance is that given by the mean 
co-ordinate value. Thus, for centers parallel to 
the axes, the probable opening will be 0.001-inch; 
and for the one case of 45-degree orientation, the 
probable opening will be 0.0014-inch. 


Gear size variation is composed of the two fac- 
tors: intentional backlash and size tolerance, both 
specified by the AGMA class. The value for these 
quantities is taken from Table 2, Part 1, including 
probability factors. 


Components variable with rotation are detailed 
in Fig. 23. Probability factors are applied accord- 
ing to Tables 2 through 4, Part 1. Since these 
components are usually applied as a total indicator 
reading, the maximum center distance opening is 
one-half this value. 


In summary, it is evident that meshes adjacent 
to the motor—that is, high speed shafts—have 
little effect on the total backlash. However, the 
meshes on the far end, or low-speed end, contribute 
much backlash to the system because of the multi- 
plying effect of the velocity ratio. Therefore, often 
it is not necessary to compute and consider the 
backlash effects of the remote meshes. In the 
foregoing example, mesh 3 could have been ne- 
glected. The result would have been a 2 per cent 
error which is well within the accuracy of the 
method of analysis and computation. 

Furthermore, it should be noted that the first 
mesh adjacent to the synchro (mesh 1) contributes 
the bulk of the gear train backlash. Therefore, if 
any antibacklash devices are considered, such as 
those described in the preceding portions of this 
article, they would be most effectively applied to 
this mesh. 

Next month in Part 3 of this series the inac- 
curacy or index error of gear trains will be an- 
alyzed. 





They Say... 


“If American science is to continue to prosper, 
if it is to continue to attract to it its proper com- 
plement of creative and gifted minds, we must 
everywhere combat the mistaken notion that science 
and engineering are narrow, provincial and destruc- 
tive of human values. We must demonstrate in- 
stead that science and engineering are great liberal- 
izing, humanizing forces, as well as the greatest 
intellectual structure achieved by our civilization, 
and that the spirit and outlook of science have 
given and continue to give strength and vigor to 
the character and spirit of the American people.” 
—Dr. JAMES R. KILLIAN JR., president, Massa- 
chusetts Institute of Technology. 
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“The basic difference between industrial design 
and engineering is that industrial designers deal 
with the psychological, while engineers deal with 
the physical. It is of no consequence that both 
are working with a tangible product. . . The engi- 
neer is entrusted with the job of creating a mech- 
anism which will perform a given duty and speci- 
fying a method of construction which will permit 
the article to be manufactured. . . It is the job of 
the industrial designer, although he is limited by 
manufacturing processes and the practical problems 
of production, to create within the minds of people 
the desire of possession.”—J. O. REINCKE, presi- 
dent, Society of Industrial Designers. 














Lift Truck Designed for Safety, Serviceability 






















A NEW 2000-pound capacity platform truck, 

the Chore Boy, incorporates interesting de- 
sign features which make for safer operation 
and ease of servicing. Powered by a two-cyl- 
inder, 13.6-hp, air-cooled engine, the Chore Boy 
is 97 inches long, 42 inches wide and has a 
wheelbase of 62 inches. Capacity may be in- 
creased to 3500 pounds by using cushion-type, 
rather than pneumatic, tires. Manufacturer is 


















The Buda Co. 
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two heavy-duty brake springs which \ a 
force the operator’s seat upward \ aK eat deck 
when the operator leaves his seat - din, LZ 
for any reason. Springs also move a aA: Colac 
bellerank and push rod to actuate Yall 
hydraulic service brakes in the drive PSonchor ita 
wheels. When the seat is forced down 
by driver’s weight, brakes are auto- Broke peda Ac a 
matically released. Normal operation gg 3 9°°>-- 
of the brake pedal and system is in » Ps Ee " 
no way affected by this device. [Springl » 





%  - 
y Stud- master brake cylinder 


Oy 


Brake pedal shaft 


ny 
607. 
et : 
Broke activating biock SE... cylinder 





Activoting fork 





me Brake clevis— 
Fiunger yoke 








= 


Stress at Failure, RSA 





Quick-ehange clutch is heavy-duty, dry type. 
Two-piece clutch housing permits easy removal 
of upper portion. Transmission design allows 
retraction of clutch shaft and drive gear which 
makes removal of clutch pressure plate and disk 
possible with the transmission in place. Con- 
ventionally, the entire transmission would have 
to be removed in order to change a clutch. 
Changing time of only 30 minutes is. claimed 
to result from this construction. 
































Charts speed use of 
parabolic formula for 


By W. E. Stalhuth 


Mech. Eng., Mfg. Div. 
Western Electric Co. 
Baltimore, Md. 


ULER’S column formula, which is based on 

deflection theory, is usually considered the 

most satisfactory one available for the stress 
analysis of axially loaded slender columns. How- 
ever, for short and intermediate length columns, 
no such panacea exists. Instead, a number of 
empirical formulas, each with certain limitations, 
are presently in use. 

For example, the so-called straight-line formula 
can indicate stresses for short columns that ex- 
ceed the yield strength of the material. The Gor- 
don-Rankine formula, for large slenderness ratios, 
can indicate dangerously high allowable stresses, 
far exceeding the solution by Euler’s formula. 
When a factor of safety is applied to reduce this 
tendency, the curve is still discontinuous with re- 
spect to the Euler curve. The secant formula is 
of relatively complicated form, and requires the 
use of a factor of equivalent eccentricity for which 
insufficient experimental data are available. 


Fig. 1—Typical parabolic type column 
curve showing smooth transition 
with Euler slender column curve 
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In addition, as usually given in the literature, 
these three formulas are applicable to one mate- 
rial only, such as structural steel, etc. To evaluate 
other materials for a given design requires an en- 
tirely separate calculation, provided formulas are 
available for those materials. 

The parabolic column formula, first proposed by 
Prof. J. B. Johnson in 1892, offers several import- 
ant advantages to the designer: 

1. Conforms satisfactorily to physical test re- 

sults!,2 

2. Indicates stress for short columns never ex- 

ceeding the yield strength of the material 

3. Permits analysis of any length column because 

of smooth transition with the Euler curve for 
slender columns 

4. Readily applicable to any material for which 

mechanical data are known 


This data sheet outlines a procedure for the 





1References are tabulated at end of data sheet. 


Nomenclature 





Area of cross-section, sq in. 
End condition factor 

Round rod diameter, in. 
Modulus of elasticity, psi 
Factor of safety 

Unsupported column length, in. 
Slenderness ratio 

Critical slenderness ratio 
Least radius of gyration of cross section, 
in. 

Maximum axial force, Ib 
Working axial force, lb 
Maximum column stress, psi 
Working column stress, psi 

= Compressive yield strength, psi 
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rapid stress analysis of axially loaded columns of 
any degree of slenderness by the combined use of 
the parabolic and Euler column formulas. In Fig. 
1 is shown a combined parabolic and Euler curve. 
The salient features are that the curve originates 
on the Y-axis at the yield strength of the ma- 
terial, S,, and becomes tangent to the Euler curve 
at a critical slenderness ratio, (1/r),, which corre- 
sponds to a stress of 8,/2. The effect is to reduce 


Table 1—Factors for Various End Conditions 








End Conditions Factor C 
One end fixed, other end free..............- % 
Round, pinned or hinged ends .............. 1 
One end fixed, other end guided ............ 2 
WIE GHD cco cccecécstscocnscccescs ° 4 
Both ends square, flat surfaces ............ 4 
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the yield strength found for short compression 
blocks with increasing column slenderness. For 
columns having slenderness ratios greater than 
(l/r), Fig. 1, the Euler column formula is used. 

The general parabolic formula for maximum 
column stress is 











1 2 
st (—) 
P, ? Tr 
= By — | an 
A 4C72E 
and the Euler column formula is 
P. Cr2Ez 
= ~<a 
A ( 1 )’ 
, 
Since P,/A = 8,/2 at intersection of the curves, 


the critical slenderness ratio (i/r), can be found in 
terms of 8, by substituting its value in either 
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Equation 1 or 2. Thus, 


( l ) y CE (3 
= 7 eae ere, oe 
r 8, ) 


Effect of End Conditions: It is known that dif- 
ferent terminating means for columns have more 
or less ameliorating effects on the stresses which 
can be endured before failure occurs. Equations 
1, 2 and 3 contain a factor C which takes into ac- 
count this effect. In Table 1 are given theoretical 
values of C for different end conditions. An actual 
column having end conditions required for a fac- 
tor C = 4 is rare. For example, a value for C of 
only 2 has been permitted for aircraft column mem- 
bers welded at both ends and presumably fixed.’ 
Some designers advise the use of a maximum 
value for C equal to 1 for general column design. 


Safety Factor: In practice, influences such as 
eccentricities of loading; initial stresses, bends and 
kinks; inhomogeneity of real materials; and lack 
of co-action between members of built-up sections‘ 
make the imposition of a factor of safety manda- 
tory in the case of columns. Timoshenko and Mac- 
Cullough® suggest a safety factor of 214 to 3 for 
parabolic column formulas to obtain working 
stresses. A parabolic formula currently specified by 
the AISC* for structural steel columns with an I/r 
to 120 is similar to the formula resulting when 
E = 29 x 10° psi and S, = 33,000 psi are sub- 
stituted in Equation 1 and a safety factor of 1.94 
is employed. Seely' discusses a common parabolic 
formula which can be obtained from Equation 1 
using a safety factor of 2.2. The designer having 
no other criterion would do well to remain within 
the range 2.2 to 2.5 for ductile materials under 
steady load, and 3 to 3.5 for brittle materials.’ 
These factors are recommended also for analysis 
employing the-Euler- formula, 


Chart Solutions: The nomograph of Fig. 2 and 
the chart in Fig. 3 offer a ready solution for 
analyses involving Equations 1, 2 and 3 for the 
materials commonly employed in design. In ordi- 
nary use the critical slenderness ratio (l/r), is 
first found from the nomograph in Fig. 2. The 
value of ratio (1/r)/(1l/r), is then entered in Fig. 
3 and the portion of yield strength, 8,, that can be 
utilized is determined. Working stresses are ob- 
tained by application of a suitable safety factor. 
In regard to the accuracy of the charts, answers 
to the examples following are all within 1 per cent 
of true values found by actual calculation employ- 
ing Equations 1, 2 and 3. 

EXAMPLE 1: A pin-connected mild steel pushrod 
has a l-inch diameter and an unsupported length 
of 25 inches. Determine the maximum force that 
can be transmitted axially. 

The minimum radius of gyration r = d/4 = 
0.25-inch. Thus the slenderness ratio l/r = 25/0.25 
= 100. Assuming 8S, = 40,000 psi, ZH = 30 x 106 
psi and O = 1, from Fig. 2, (l/r). = 122 approxi- 
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mately. Thus (l/r)/(l/r), = 100/122 = 0.82 ap- 
proximately. From Fig. 3 at (l/r)/(l/r), = 0.82, 
(P./A)/8, = 0.66. Since P./A = 0.66 (40,000) 
= 26,400 psi maximum, P, = 26,400 (7/4) 
(1)2 = 20,800 lb maximum. Therefore, the maxi- 
mum working axial force P,, = P./f = 20,800/2.2 
= 9,440 Ib. 


EXAMPLE 2: What would be the effect of substi- 
tuting 2024-T4 aluminum (2 = 10.3 — 108 psi, 
8S, = 48,000 psi) for the mild steel used in Exam- 
ple 1? 

From Fig. 2, (l/r), = 65 approximately and 
(lyr)/(yr). = 100/65 = 1.54 approximately. 
From Fig. 3, (P./A)/S, = 0.21. Note that the 
change in material has shifted the calculations 
from the parabolic to the Euler column formula 
range. Since P./A = 0.21 (48,000) = 10,080 maxi- 
mum psi, P, = 10,080 (0.7854) = 7,920 Ib 
maximum. Here the maximum working axial force 
P., = 7,920/2.2 = 3,600 Ib. 


EXAMPLE 3: A forming machine requires a steel 
knockout pin ;-inch in diameter with one end 
fixed in a holder. The pin holder is actuated by 
gradual application of a spring which develops a 
maximum force of 1000 pounds. Find the maxi- 
mum projection of a pin capable of withstanding 
a machine jam when all spring pressure would 
be applied axially. Assume a factor of safety of 
2.2 and 8S, = 40,000 psi. 

Since P, = P,f = 1000 (2.2) = 2200 lb, P./A 
= 2200/(7/4) (5/16)? = 28,700 psi maximum. 
Thus (P./A)/S, = 28,700/40,000 = 0.72. From 
Fig. 3 at the point (P./A)/S8, = 0.72, (l/r)/(l/r). 
= 0.75 approximately. From the nomograph in 
Fig. 2, using 8S, = 40,000 psi, H = 30 X 106 psi 
and C = 1A, the critical slenderness ratio (l/r). 
= 61. Then l/r = 61 (0.75) = 45.8, and finally 
the maximum allowable projection 1 = r (l/r) = 
45.8 (1/4) (5/16) = 3.57 inches. 


Conclusion: It is not the intent of this data 
sheet to advise a departure from satisfactory use 
of the many existing empirical column formulas 
specified in various codes and found in the publi- 
cations of materials manufacturers. However, where 
design freedom exists, the parabolic column form- 
ula will indicate stresses that are in good agree- 
ment with tests and are readily determined for 
any material. When used in conjunction with the 
Euler formula, it enables the rapid comparison of 
alternate designs of any degree of slenderness as 
well. 
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Basic Factors 
in Selecting 


Induction Motors 


T HE ac squirrel-cage induction 

motor has many characteris- 
tics which make it a desirable 
type of motive power to drive in- 
dustrial machines. It is the sim- 
plest, least expensive type of mo- 
tor that can be built, one of the 
most efficient and requires the 
least amount of maintenance and 
care. A wide range in performance 
characteristics can be obtained 
with these motors, by the proper 


By F. D. Snyder 


Westinghouse Electric Corp. 
New York, N. Y. 


design of the motor and its con- 
trol. 

The National Electric Manufac- 
turers Association has set up a 
series of performance standards 
for several designs of squirrel- 
cage motors. A _ knowledge of 
these standards and what they 
mean in terms of machinery per- 
formance is essential in making 
proper drive selections. 

The NEMA-B motor 


is the 






Its 


standard garden variety. 
speed-torque characteristics are 
basically as shown in Fig. 1. At 
standstill and with rated voltage 
applied to the motor it will develop 
about 175 per cent of its full-load 
torque. Full-load torque of any 
motor is the amount of turning 
effort the shaft exerts when it is 
operating at its full rated horse- 
power load. The NEMA-B motor 
will therefore exert a sudden 
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Fig. 1—Speed-torque curves of NEMA in- 
duction motors 
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Fig. 2—Speed-torque curves for NEMA-B 
motor with percentages of rated voltage 
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torque on the shaft equal to about 
175 per cent of full-load torque, 
and as the motor picks up speed 
the torque will reduce slightly 
until about 25 per cent speed is 
reached. From this point to about 
75 per cent speed the torque in- 
creases and then, as the speed in- 
creases further, the torque de- 
creases very rapidly until at syn- 
chronous speed there is zero 
torque. This, of course, means 
that an induction motor must al- 
ways operate at some speed lower 
than synchronous speed. 

The NEMA-B motor has excel- 
lent operating characteristics; its 
speed-torque curve shows that 
there is very little speed change 
over a wide change in load. Its 
efficiency is high, and its cost is 
usually the lowest. It does, how- 
ever, have a rather high current 
during starting, and care should 
be used in applications requiring 
frequent starts or starting loads 
with extremely high inertia. 

Another type of NEMA stand- 
ard is the NEMA-C motor, also 
shown in Fig.1. This motor has a 
torque of about 200 per cent of 


full-load torque at standstill and 
a maximum torque of about the 
same value. This type of motor 
should be used on applications 
where there is a _ high-friction 
starting load but not much inertia. 

The NEMA-D motor also shown 
in Fig. 1 is a motor which has a 
starting torque of better than 250 
per cent of full-load torque. 
Torque then gradually decreases 
as the speed increases. This type 
of motor has excellent starting 
characteristics, and the amount of 
heating in the motor is much less, 
during the starting period, than 
the NEMA-B or C motors. This 
type of motor should be used 
where the starting is frequent or 
where there is a very high inertia 
to be started. For steady run- 
ning, efficiency of this motor is a 
little lower than the B or C mo- 
tors, and speed is not quite as 
constant as the load varies. 

By the use of suitable control, 
shapes of the speed-torque curves 
of any induction motor can be 
varied. Fig. 2 gives an indication 
of what can be accomplished by 
voltage control. The voltage may 
be reduced by transformers, reac- 
tors or resistors. Torque obtain- 
able on any part of the speed- 


torque curve always varies as the 
square of the voltage. If voltage 
is 80 per cent of motor rated volt- 
age, torque will be 64 per cent of 
the full torque value at any point 
on the curve. 


Braking: Decelerating torque, 
or braking torque, can be devel- 
oped with induction motors. This 
can be done by plugging or re- 
versing the power to the motor or 
by applying a direct-current volt- 
age to any two terminals of an in- 
duction motor. 

Braking torques developed by 
the various standard NEMA mo- 
tors when reverse power is ap- 
plied while the motors are decel- 
erated from full speed to zero 
speed are indicated in Fig. 3. This 
type of deceleration control must 
provide means to disconnect the 
motor at precisely the zero speed 
point, or the motor will reverse. 
In many machines the slightest 
reversal of shaft rotation is detri- 
mental. 

The family of curves in Fig. 4 
shows the braking torque devel- 
oped by an induction motor when 
a de current is applied between 
any two motor terminals. The 
family of curves is for the same 
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speed-torque curves for some NEMA motors 
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Fig. 4—Braking torque-speed curves for 
NEMA-B motor with dc voltage applied to 
any two leads . 
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motor but with different values of 
de current. Amount of braking 
can be varied over a wide range. 
This type of braking provides a 
very smooth stop since torque re- 
duces very rapidly as speed ap- 
proaches zero. With this type of 
braking it is impossible for the 
motor to reverse. For example, 
it has been used widely in the tex- 
tile industry for such applications 
as spoolers, winders, warp-knitting 
machines, and carpet looms. 


Control Selection Factors: When 
selecting a motor and control for 
a specific machine, conditions of 
operation to be met must be fully 
determined. If a constant speed 
is indicated during operation, the 
first consideration should be the 
induction motor. If speed changes 
are obtained by pulley changes, or 
variable-sheave V-belt units, the 
drive can still be considered a con- 
stant-speed drive as far as the mo- 
tor is concerned. The next con- 
sideration, then, is to determine 
the starting requirements and how 
these can be met. 

When an induction motor is 
started with full line voltage 


there is a sudden hammer-blow ap- 
This can be 


plication of torque. 


especially severe if there is any 
backlash in the drive or gears. If 
there is no damage done to the 
machine or the material in proc- 
ess, there is nothing to worry 
about. If, however, the machine 
requires a smooth application of 
torque, something other than full- 
voltage starting must be used. 
There are many ways by which 
reduced torque can be applied to 
the driven shaft: 

1. REDUCED VOLTAGE: Any de- 
sired starting torque can be ob- 
tained with an induction motor by 
controlling the voltage applied 
during the starting period, Fig. 2. 
Many forms of controls are 
available. The simplest and least 
expensive is the resistor or reactor 
type where reduced voltage is ap- 
plied while the operator keeps the 
start button depressed, and full 
voltage is applied as soon as the 
start button is released. This 
type of control is applicable to all 
the NEMA type classifications of 
induction motors. Its advantages 
are that the starting torque can 
be readily adjusted, but full 
torque is always available to start 
the machine under unusual condi- 
tions. After starting is completed, 
full power of the motor is avail- 





INDUCTION MOTORS 


able to run the machine. 

2. SPECIAL TORQUE Motors: It 
is always possible to build special 
torque motors. Speed-torque curves 
for the two-value soft-start rov- 
ing-frame motor used in textile 
applications are shown in Fig. 5, 
while Fig. 6 shows the same for a 
so-called three-value  soft-start 
roving-frame motor. With either 
of these schemes the electrician 
must make the connections that 
give the proper starting torque. 
This scheme would be wonderful if 
there was any assurance that the 
torque that will just start the ma- 
chine under most conditions will 
always start the machine. Un- 
fortunately, there might be cold 
ambient temperature conditions or 
a condition of low voltage, when 
the machine will not start. The 
result is that the motor is finally 
connected for maximum torque 
and the machine starts more rap- 
idly than desirable for best re- 
sults. With either of these schemes 
the full power of the motor is not 
available during the running pe- 
riod except when connected for the 
maximum torgue. 
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soft-start motor and an NEMA-B motor. 
Low torque connection is series delta. High 
torque connection is parallel wye 


Fig. —— 
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3. CLUTCHING TECHNIQUES: A 
centrifugal type clutch allows the 
motor to start without moving the 
machine. The tendency for a 
hammer-blow start is definitely re- 
duced, although there is still some 
depending on the torque developed 
by the centrifugal clutch. When 
the friction weights are too light 
there is danger of slippage at 
normal loads. When the weights 
are too heavy the clutch will not 
allow the motor to accelerate, and 
the condition of having the motor 
solidly connected to the load is 
approached. For machines that 
require a very heavy starting 
torque, friction must be set high 
in order to be sure that the load 
is started and maintained in oper- 
ation at the proper speed. 


With the centrifugal clutch 
there is wear during the starting 
period. Amount of wear and heat 
generated in the clutch is a direct 
function of the mass that has to 
be accelerated. This type of 
clutch must always be properly 
maintained so that there is no slip- 
page at normal operation, since 
slippage causes eventual destruc- 
tion. 

4. Fiump Drives: With the ad- 
vent of the use of fluid clutches 
there has been a great interest in 
using this type of drive to get 
smooth, slow acceleration. In or- 
der for the fluid drive to develop 
any torque there must be a dif- 
ference in speed in the drive mem- 
ber and the driven member. 

When used with a squirrel-cage 
motor, this type of drive will 
usually mean that the motor will 
accelerate very quickly to the 


Factors in evaluating 


Flectronic Analog Computers 


By Chalmer E. Jones 


Product Line Manager 
Berkeley Div. 
Beckman Insfruments Inc. 
Richmond, Calif. 


[N evaluating analog computers, 

it must be stated at the outset 
that equipment and techniques in 
this industry change rather rapid- 
ly. Although informative, past re- 
ports on equipment performances 
may not be correct for present 
models. 

The following is a list of 9 
significant points whose observa- 
tion should give a rather complete 
summary of a computer’s advan- 
tages and disadvantages. 


. Construction 
. Reliability 

. Flexibility 
Expandability 
. Compatibility 
. Resettability 
Accuracy 
Cost 

. Convenience 


CONAAPRwWNH He 


Construction: Construction re- 
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fers to the mechanical structure 
as well as the electronic physical 
system. It may be broken into 
three categories: 

MECHANICAL STRUCTURE: See 
that the unit is mechanically 
strong; that there are enough sup- 
ports for the heavy equipment; 
and that it is not easily susceptible 
to undue scratches and mars. Port- 
ability may be an important fac- 
tor. 

CHAssIS LAyoutT: Investigate the 
chassis layout and general con- 
struction. See if the individual 
units such as amplifiers, function 
generators and multipliers are 
easily accessible. It is often desir- 
able to be able to change a tube 
or set potentiometers from the 
front. The easier it is to service 
and follow the electronic circuits, 
the less time will be spent in trou- 
bleshooting and maintenance. 








point where torque output of the 
clutch is greater than the torque 
developed by the motor. From 
this point on the machine will ac- 
celerate at the same rate as 
though the motor were solidly con- 
nected to the machine. The drive 
does give a cushion effect to take 
up any backlash but from this 
point on there is very little con- 
trol of the rate of acceleration. 

In order to select the most eco- 
nomical drive for any machine, the 
available characteristics must be 
known, and how they can be made 
to meet the requirements of the 
machine to be driven. 

From a paper entitled “Induc- 
tion Motor Characteristics and Ca- 
pabilities to Meet Textile Machine 
Requirements” presented at the 
AIEE Middle Eastern District 
Meeting in Reading, Pa., October, 
1954. 





CooLING: Investigate to see that 
the cooling system is adequate and 
that there is enough air moved 
around all of the components which 
give off heat. As most resistors 
are sensitive to thermal changes 
and much error is caused by ther- 
mal drift, these units should not 
be subject to great temperature 
rises when the unit is turned on. 
The temperature should not fluctu- 
ate while the computer is in oper- 
ation and the temperature rise in 
the system should not be more 
than 70 F above ambient. In some 
cases, the components may melt if 
the ambient temperature is above 
85. Some installations require air 
conditioning which may effectively 
add hundreds of dollars to the 
price. 


Reliability and Maintenance: Re- 
liability for this purpose will be 
defined as the ability of the equip- 
ment to keep operating. 

Examine the schematics to as- 
certain the simplicity of the cir- 
cuits and what generally might go 
wrong. Look at the chassis them- 
selves to see how complicated the 
unit seems and what might be ex- 
pected in the way of troubleshoot- 
ing and preventive maintenance. 

See if the schematics list th 
voltages and waveforms at various 
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points and in addition to this, if 
they list resistances to ground at 
strategic points. If the amplifiers 
are chopper stabilized, what type of 
choppers and tube components are 
used? What type of relays are 
they using? Are they going to last 
for some time or will they require 
early replacement? 

Are the components of good 
quality, especially the passive RC 
(resistance - capacitor) compo- 
nents? For quality work, it is 
recommended strongly that all 
computing capacitors be polysty- 
rene. How often will it be necessary 
to set potentiometers, not only the 
zeroing potentiometers but others 
such as coarse adjustment, gain 
and various balancing potentiom- 
eters in the circuits? 


Flexibility: Flexibility refers to 
the computer’s ability to solve a 
wide variety of problems. For in- 
stance, determine the range of 
time constants available in the 
combination of RC components 
and whether it is possible to oper- 
ate as a repetitive computer. That 
is, may the solutions be presented 
several times a second and viewed 
on a scope? Three other points 
are also important and should be 
checked. 

1. The possibility of using the 
computer with actual equipment. 
May an actual system component 
be connected by means of trans- 
ducers to the computer and the 
computer represent or analog the 
balance of the system? 

2. Flexibility of Amplifiers. Are 
the amplifiers of predetermined 
function or may any amplifier be 
used to integrate, sum, sign 
change, etc.? See if the passive 
resistors and capacitors are fixed 
to the amplifiers. If they are fixed, 
there may be times when ampli- 
fiers connected as adders are avail- 
able but the problem requires one 
more integrator. 

3. Diversity of Number of Com- 
ponents. Are there enough resis- 
tors and capacitors for a wide 
range of problems? Are there such 
computing components as decade 
resistances, decade capacitors? 


Are there operational relays which 
may be connected directly to the 
output of the amplifier? Does the 
computer allow for a holding of 
the problem; i.e., may the problem 
begin to go to solution and then be 
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stopped at any point in time? 


Expandability: In the majority 
of computer facilities, it is found 
that after a period of time, more 
equipment is needed. It is there- 
fore advisable to investigate just 
how much the computer may be ex- 
panded. Is it possible to begin with 
a small number of components and 
later add to these to build a com- 
puter facility of any size? Can the 
new models be incorporated into 
existing equipment and can the 
new computing components and 
conveniences be added to the unit? 
What would be the maximum fa- 
cility which is possible with any 
one type? In addition, considera- 
tion should be given to the con- 
venience or accuracy lost in ex- 
panding. 


Compatibility: This is a measure 
of how easily the computer is 
adapted to other equipment such 
as read-in and read-out equipment 
or analog equipment by other man- 
ufacturers. Has sufficient space 
been allowed on the computer set- 
up panel or patch board so that 
other equipment may be added 
whether it be the same manufac- 
turer or other manufacturers? Do 
the de amplifiers supply enough 
power to drive the pen recorders 
directly or must external ampli- 
fiers be used? Are the units in the 
computer compatible with them- 
selves; that is, are the capacitors 
furnished of such a magnitude as 
to operate with the proper time 
constants with the rest of the com- 
puter? If the computer incorpo- 
rates servo mechanisms, then the 
amplifiers in all probability should 
be stabilized. 


Resettability and Repeatability: 
It is often necessary to break down 
or take off one problem and con- 
tinue at some time in the future. 
Therefore, the ease with which one 
can reset the computer back to 
its original operating condition be- 
comes important. This feature 
should perhaps be broken down in- 
to the analysis of each of the com- 
ponents and the ease and accuracy 
with which each may be returned 
to its original position. For in- 
stance, if the potentiometers are 
set by their own dial, then it should 
be fairly easy to return them to 
a previous setting. However, if 
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they must be zeroed or nulled to 
another potentiometer, this opera- 
tion becomes more time-consuming. 
If the passive resistance and ca- 
pacitor components are predeter- 
mined and marked, it becomes fair- 
ly easy to reset them into the 
problem. If they are unstable how- 
ever, and have drifted, then new 
measurements must be taken to 
reset the problem. 

There may be a certain amount 
of resetting necessary between 
computer runs. If the amplifiers 
are unstable and it is a complicated 
problem, many of the integrator 
amplifiers, as well as the multi- 
pliers, will have to be rezeroed. 

Repeatability is a measure of the 
accuracy of succeeding solutions 
and depends upon the stability 
and interchangeability of the in- 
dividual components. It is neces- 
sary to examine the accuracy at 
which a problem will repeat itself. 
How close will one solution be to 
a solution using the same or dif- 
ferent components at some other 
time? Will one succeeding run vary 
greatly from the next? 


Accuracy, Cost and Convenience: 
These three factors are interrelat- 
ed. Such things as automatic digi- 
tal potentiometer settings and digi- 
tal readout add convenience but 
are extremely costly. For the same 
accuracy, one may sacrifice con- 
venience to keep cost down. For 
instance, if resistors should be 5 
per cent resistors (within 5 per 
cent of stated value), the oper- 
ator may measure the actual val- 
ues of these resistors. By using 
the actual values in the computer 
setup, greater accuracy may be 
had. 

The accuracy required in the 
computer depends upon the prob- 
lem to be solved. This often may 
be investigated by analyzing the 
variables and coefficients in the 
problem. If it is possible to meas- 
ure the coefficients in a particular 
problem to an accuracy of 10 per 
cent and the computer introduces 
3 per cent error, the root-mean- 
square error (square root of 3? 
plus 10?) would be 10.45 per cent. 
It then becomes apparent that it 
is more desirable to improve the 
accuracy of measurement from 10 
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per cent to 9 per cent than to go 
from a computer of 3 per cent ac- 
curacy to a perfect one. In the 
evaluation of computer accuracy, 
it may be generally assumed that 
the computer introduces errors in 
three major ways: (1) Inaccur- 
acies in the passive resistance-ca- 
pacitor computing components, (2) 
drift in various active components 
(amplifiers, multipliers) and (3) 
phase shift. 

Errors which are caused by the 
RC components are principally due 
to drift of accuracies and value. 

If nominal 5 per cent components 
are used, then errors may be noted 
by assuming the resistors and ca- 
pacitors to be the value stated. On 
the other hand, a more subtle error 
may be noticed if the resistors and 
capacitors change with time. It is 
therefore wise to make sure that 
the resistors are not subjected to 
rapid temperature changes and are 
of good quality with respect to 
drift. 

Drift is arbitrarily broken into 
two types, random and long term. 
Random drift is defined as that 
drift which will introduce errors 
while making a computer run. 
Long-term drift is that drift which 
will amount in negligible error dur- 
ing any one problem run, but af- 
ter a run is completed will neces- 
sitate rezeroing and resetting. In 
some linear servomechanism prob- 
lems, where only the transient is 
of importance, the drift may be 
considered as part of the initial 


conditions and when _ subtracted 
will make very little difference. In 
this case, the random drift might 
be more important. 

In measuring drift, the measure- 
ment should be referred to the grid 
as this reduces it to a number 
which is not dependent upon the 
ratio of the impedances. Random 
drift would be defined on the basis 
of a short-term period, such as 3 
minutes; that is, the maximum grid 
voltage would never exceed so 
many millivolts or microvolts in 
the stated period. Long term drift 
would be stated over two or three 
days. If the amplifier is chopper 
stabilized, then a figure might be 
given for long-term drift which the 
amplifier would never exceed. 

There may be dynamic error. If 
the computer introduces frequency 
sensitive errors of its own such as 
phase shift, the analog or simu- 
lated system no longer represents 
the desired system. Therefore, it is 
necessary to investigate the fre- 
quencies at which these phase 
shifts occur. 

A concept of a figure of merit 
combining both the phase shift and 
the drift can now be introduced. 
It can be seen that the time of 
computation is limited by the ac- 
curacy required. For instance, if 
you want to stay within 1/10 per 
cent accuracy in an amplifier, al- 
lowable computing time would be 
dependent on the time for the drift 
to reach 1/10 of a volt on the out- 
put. Therefore, in one amplifier it 
may mean a computing time of one 
minute while in another it might be 
10 or 20 minutes. However, the 


All-Metal Sandwich Structures 


.-. « for high-temperature applications 


By John V. Long and George D. Cremer 


Solar Aircraft Co. 
San Diego, Calif. 


B ASICALLY, a honeycomb struc- 

ture, such as pictured in Fig. 
1, may be classed as an anisotropic, 
integrated sheet-metal assembly. 
Foil-thin ribbons arranged in hon- 
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eycomb pattern comprise the core, 
which is securely sandwiched be- 
tween thin metal facing or skins. 
These facings are the prime load- 
bearing members, and through 


frequencies which may be handled 
by any one amplifier or servo mul- 
tiplier are limited by the phase 
shift. The highest frequency which 
a component will handle can be 
defined as that frequency at which 
the phase shift is 0.01-radian or 
less. 

Thus, one amplifier might reach 
one or two cycles per second be- 
fore this phase shift is introduced 
while another may go up as high 
as two or three hundred cycles 
per second. The highest frequency 
component that any one unit would 
be able to handle during compu- 
tation is a function of the com- 
bination of the computing time and 
the frequency which could be 
passed without reaching 0.01-radi- 
an phase shift. The figure of merit 
denoted by R would then be R=ft, 
where f = frequency at which 
phase shift is less than 0.01-radi- 
an and ¢ = time for drift to 
reach 0.1 per cent. Thus one am- 
plifier might have a figure of R 
= 1000 indicating that it can han- 
dle a frequency component of 1000 
cycles whereas another might be 
4000; R is the number of cycles 
of highest frequency contained in 
the longest time. Two computers 
may be compared by means of 
their R values. Comparing drift 
rates, computing times, or maxi- 
mum frequency alone is not signif- 
icant enough. 

From a paper entitled “Evalua- 
tion Techniques for Electronic An- 
alog Computers” presented at the 
Analog Computer Summer Seminar 
at Pennsylvania State College, 
June, 1954. 


complete surface stabilization high 
compression strengths can be real- 
ized, even in the thinnest gage 
faces. The core performs the vital 
function of providing essentially 
continuous support to the facings 
to prevent buckling under compres- 
sion while at the same time trans- 
mitting shear stresses. The result- 
ing structure’ permits high 
strength-weight ratios to _ be 
achieved. 

Adhesive-bonded sandwich is 
used principally as a secondary 
strength structure, where sustained 
operational temperatures are below 
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BRONZE 
ON STEEL 


WueErEVER a shaft turns 
there is probably an application for a 
Johnson Sleeve Bearing. The range of 
types and sizes is the widest on the 
market. Johnson Bearings are used in 
industrial equipment, automotive, air- 
craft and transportation equipment, 
electrical equipment, farm machinery, 
earth-moving equipment . . . in fact, 
wherever a shaft turns. They are avail- 
able in standard stock bearings or made- 
to-order for specific applications. John- 
son engineers will gladly consult with 
you on your bearing problems. Write 
today. 

JOHNSON BRONZE COMPANY, 
525 South Mill St., New Castle, Pa. 











about 350 F. All-metal honeycomb 
sandwich construction, on the oth- 
er hand, offers a practical solution 
for elevated temperature applica- 
tions up to at least 1500 F. 
High-temperature all-metal sand- 
wich structures can successfully be 
fabricated by using special braz- 
ing techniques. The resulting struc- 
tures exhibit the following desir- 


able properties at elevated temper- 
atures: 


. High strength-weight ratio 

. High stiffness factor 

. Good thermal resistance 

. High vibration damping ability 
. High fatigue resistance 

. Acoustical insulation 


Furthermore, the all-metal sand- 
wich structure permits composite 
constructions with special proper- 
ties, such as blast panels and per- 
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Fig. 1—Typical high-temperature all-metal sandwich 
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Fig. 2—Comparative strength-weight curves for several alloys used 
in sandwich structures, showing effect of temperature 


meable components. 


Sandwich Materials: Facing or 
skin thicknesses for _ structural 
sandwich sections usually lie within 
the range of 0.010 to 0.030-inch, 
while core stock runs from 0.001 
to 0.010-inch. Suitable high-tem- 
perature, corrosion-resistant metals 
include AISI 321, Armco 17-7PH, 
Inconel X, Multimet, and Haynes 
Alloy 25 (L-605). 

Comparative curves for a num- 
ber of alloys, showing yield 
strength per unit weight versus 
temperature, are presented in Fig. 
2. Below about 900 F, the superior- 
ity of 17-7 precipitation hardening 
stainless steel is evident, while 
higher temperatures indicate the 
use of Inconel X. Extreme temper- 
atures require L-605. 


Structural Properties: Remark- 
able stiffness is added to thin fac- 
es by stabilizing them with honey- 
comb core. By means of high-tem- 
perature brazing, strength of all- 
metal honeycomb sandwich struc- 
tures can be maintained at elevated 
temperatures. 

Compressive strength of the 
sandwich is greatly dependent upon 
cell design and through proper 
choice of cell configuration and ma- 
terial values as high as 4,000 psi 
have been realized in 2 mil, 44-inch 
cell core. 

Creep properties of high-tem- 
perature brazed construction are 
generally favorable at all tempera- 
tures within the application range. 
Strength values are dependent up- 
on a given sandwich design. As a 
specific example, physical property 
testing of a heat treated panel 14- 
inch thick, constructed of 17-7PH 
steel with a 0.002-inch, 14-inch 
square-cell core and 0.015-inch 
faces yielded the values listed in 
Table 1. 


Table 1—Physical Properties of 
Typical Sandwich Structure* 


Property 





Strength (psi) 
75 F 800 F 1000 F 





Face tension 

(after brazing).... 175,000 115,000 60,000 
Edge compression ... 180,000 130,000 80,000 
Flat compression .... 4,000 2,600 1,300 


Core shear, maximum 500 400 350 


*Heat treated %-in. panel, constructed of 
17-7PH steel with 0.002-in., %-in. square-cell 
core and 0.015-in. faces. 
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HOT H.SO, Corrosion Stopped COLD 


by /arpenter 
Stainless No. 20Cb 



































Appliance Manufacturer Eliminates 
Pickling Tank Maintenance Costs 





70,000 lbs. of steel parts for automatic washing 
machines are cleaned daily by a 10% hot sulphuric 
acid solution at stage five in a nine-stage continuous 
pickling nachine. Taming the H,SO, solution is a 
20’x9’x414’ spray booth lined with Carpenter 
Stainless No. 20Cb plate. 


Rubber lining previously used resulted in frequent 
and costly breakdowns. Carpenter Stainless No. 
20Cb requires no maintenance and shows no sign 
of corrosive attack after lengthy use. Heating 
coils submerged in the H,SO, solution, as well as 
nozzles for the spray system, are also made of this 
super corrosion-resistant alloy. 


Carpenter Stainless No. 20Cb gives cost-cutting 
freedom from corrosive attack by a long list of 
other acids, liquids and gases. 


See how pipe, tubing, sheet, plate, bar, 
wire or strip of Carpenter Stainless 
No. 20 or 20Cb can help you cut cor- 
rosion costs. Send now for the NEW 
Carpenter Stainless No. 20 and No. 
20Cb handbook. 





The Carpenter Steel Company, 
Alloy Tube Division, Union. ™. J. 





For information on Carpenter Stainless No. 2U strip, wire, 







hillets, contact The Carpenter Steel Company, Reading, Pa. 


Stainless Tubing & Pipe 
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DESIGN ABSTRACTS 


Core Design and Construction: 
Steel and high-alloy sandwich 
cores are usually manufactured in 
square, hexagonal honeycomb, or 
wave-form cell types, Fig. 3, al- 
though numerous other special core 
designs have been experimentally 
produced. 

The “Squarecell’” type _ core, 
shown at the top in Fig. 3, may be 
collapsed if grinding or machining 
operations are required. Such 
straight-cell cores are said to be 
“anticlastic,” which means that 
when the core is bent in simple 
curvature it reacts by assuming a 
saddle shape, Fig. 4. The expect- 
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ed convex face becomes concave in 
a direction perpendicular to the 
bend line. 

Another interesting core, notable 
for its optimum strength-weight 
design, is commonly known as “egg 
crate.” In this core the longitudinal 
and transverse ribbons are each 
slotted half way and then simply 
assembled slot to slot. This simple 
egg-crate core resists bending 
along the longitudinal and trans- 
verse axis, intermediate bending 
between these directions is acutely 
anticlastic. 

The types of core just described 
are in general not suited for sand- 
wich parts having severe two or 
three dimensional curvature. 
Square-cell cores having narrow 
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Fig. 3—Sandwich 
cores of square and 
wave-form cell types 
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Fig. 4 — Anticlastic 
sandwich core which 
assumes a saddle shape 
when bent in simple 
curvature 








node bonds as compared to the 
node width, Fig. 3, can accommo- 
date slight bending, providing the 
radius is ample or the core height 
relatively shallow. Straight-cell 
cores, on the other hand, may be 
damaged if bending is attempted 
in other than the normal mode. 

A number of all-purpose honey- 
comb cores have been developed 
primarily to accommodate curved 
sandwich applications. Two flexible 
core designs which have been em- 
ployed in high-temperature all-met- 
al sandwich are shown in Fig. 5. 
One is a finely corrugated core, as- 
sembled in square-cell fashion, 
which exhibits great flexibility, 
while the other is stabilized by 
longitudinal ribbons. 

While adhesive bonding and re- 
sistance welding are the two chief 
methods of assembling ribbons in- 
to core, other techniques include 
wire stitching, eyeletting, and slot- 
ting. Another process not employ- 
ing ribbons but rather starting 
from a single sheet makes core in 
a manner similar to manufacture 
of “expanded metal.” 


Core Contouring: Machining or 
grinding flat honeycomb core is 
not a serious problem if the core 
can be collapsed for the operation. 
However, if the core cannot be col- 
lapsed or the surface is to be con- 
toured, a real problem presents it- 
self, since tolerances for brazing 
must be within plus or minus 0.002- 
inch. Several solutions have been 
found in practice. One method 
freezes the expanded core in ice 
and performs the necessary milling 
operations at subfreezing temper- 
atures. Another employs a plaster 
of Paris composition to hold the 
core for contouring. 


Bonding: A high-strength bond 
between face skins and honeycomb 
core can be obtained in all-metal 
sandwich structures. Two princi- 
pal approaches, welding and braz- 
ing, have been investigated. 
Resistance welding has definite 
possibilities. Under the best condi- 
tions obtainable, however, only 
about 25 per cent of the core-end 
area could be considered as satis- 
factorily welded to the faces. 
Brazing assures a continuous, 
high-strength metallurgical joining 
of components. Due-to the forma- 
tion of fillets between mating sur- 
faces, greater bond area results 
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“ACADIA syNTHETIC RUBBER PARTS 





ARE MADE ALL 3 WAYS! 


With Acadia you have a choice! Not only 
molded rubber . . . not only molded and die- 
cut ... not only extruded rubber .. . but 
rubber parts any way you require! Better 
yet, Acadia uses whatever method the re- 
quirements of the job and you dictate is the 
best way to do it. 


Acadia is especially sensitive to your spec- 
ifications. We will process synthetic compo- 
nents for oil-resistance— good aging proper- 
ties — resistance to heat — any characteristic 








you’re seeking, or a combination of charac- 
teristics. Acadia parts are cut, molded or 
extruded to all required shapes, sizes and types, 
with almost unlimited applications. 





Also, we offer Acadia SILICONE Rubber, 
molded or extruded for gaskets, seals, ‘‘O” 
rings, washers, sheets, cut-parts and pack- 
ings. This is the rubber that will stay resil- 
ient at 100° below zero, or 500° above! 
There’s an Acadia Sales Engineer near 
you to serve you. Write us today, and we’ll 
put him in touch with you immediately. 


~“—_ . hile’ | 


PRODUCTS 





DIVISION OF WESTERN FELT WORKS 


4021-4139 W. Ogden Ave., Chicago 23, Illinois 
Branch Offices in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELT 
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with attendant uniform stress dis- 
tribution. Also, the skins spanning 
each cell are further stiffened or 
stabilized—a significant advantage 
when relatively thin faces are em- 
ployed. Furthermore, the brazing 
alloy infiltrates the node laps with 
consequent sharp improvement in 
their column and shear properties. 
With excess braze material, sand- 
wich strengths increase; however. 
weight economy suffers. 


Brazing Fabrication: Sandwich 
fabrication involves a number of 
considerations, of which the pri- 
mary ones are: 


1. Proper prepositioning of braz- 
ing materials. 

2. Correct positioning of structure 
components and fixtures. 

. Accurate maintenance of metal- 
to-metal contact between faces 
and core of the assembly dur- 
ing the brazing-joining opera- 
tion. 

4. Controlled heating and cooling 


Putting Ideas 
into Words 


‘Ts ability to express ideas in 
writing and in speaking heads 
the list of requirements for suc- 
cess. A group of engineers applies 
a new principle to development of 
a revolutionary gadget. Results 
of this effort are summed up in a 
typewritten report to the head of 
their department. The report is 
then mimeographed for the bene- 
fit of others in the organization. 

The company prepares to put the 
new product on the market. Writ- 
ers prepare literature describing 
its virtues, or explaining how to 
use it and keep it in working 
order. 

This is indeed useful writing. 
No piece of company business can 
begin, progress, and achieve its 
purpose without effective use of 
words. Writing, together with read- 
ing, is as much an integral part 
of any business as bones are part 
of the body. 

Research personnel have pub- 
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rate to prevent warpage and 
stressing of the part (Brazing 
temperatures are about 1900 F). 

. Maintenance of adequate atmos- 
pheric protection to insure a 
clean, nonoxidized assembly and 
high quality braze metal joints. 

. Controlled post heat treatment 
operations to develop desired 
metallurgical conditions within 
the sandwich materials. 

. Sizing, coining, or other plastic 
deformation of the brazed panel 
to develop a precise part and/or 
to effect strengthening by cold 
work. 


The importance of these differ- 
ent considerations must always be 
judged in combination since even 
minor repairs to a brazed panel are 
frequently prohibitive. All-metal 
sandwich fabrication requires rigid 
quality and _ process’. control 
throughout each stage of manufac- 
ture. 


Inspection: While nondestructive 
testing standards have not been es- 
tablished for all-metal honeycomb 
structures, practical solutions to 
this vital problem are possible. 


lished countless papers in technical 
journals, and these have recorded 
new facts, new basic discoveries, 
and new theories. Many are rec- 
ognized the world over as clas- 
sics, and are cited as authoritative 
references in their fields. Some 
opened up wholly new fields for 
exploration. Others cast new light 
on known phenomena. Some dis- 
closed new tools for research. 

But the recording of ideas and 
facts is not confined only to engi- 
neering and scientific laboratories. 
Each year, thousands of mechan- 
ics, stenographers, accountants, 
and others write down their sug- 
gestions for improving company 
products and procedures. A gain 
—for company and employee—is 
the focusing of attention upon 
those persons who can think of 
a better way and who can tell 
about it with words on paper. 

English extends beyond a single 
classroom; success or failure is 
largely due to ability to read, to 
understand, to speak and to write. 
Whether at drafting board, desk, 
machine, or calling on customers, 
we are all involved, more or less, 
in communication. 


Fig. 5—A square-cell core, 

top, and two flexible core 

designs employing finely 
corrugated ribbon 
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Since the mere existence of braze 
fillets in the structure is basic evi- 
dence that wetting, capillary flow, 
and resulting metallurgical bond- 
ing has taken place, both X-ray 
and sonic inspection methods hold 
real promise for determining fil- 
let existence in all-metal honey- 
comb structures. 

From a paper entitled “High 
Temperature All-Metal Sandwich 
Structures” presented at the SAE 
Aeronautic Meeting in Los Angeles. 
Calif., October, 1954. 


English is an easy language to 
learn. Making English behave may 
be a little troublesome. One can 
play safe by writing dull little sen- 
tences, and they, of course, are 
less frustrating to the reader than 
involved wrong sentences. But 
since the sentence written or spok- 
en is what the reader or listener 
uses as a criterion in judging a 
person, it is good sense to learn 
how to become its master. 

Experience indicates that too 
many younger employees say to 
themselves before spreading their 
wings for a flight with words: 
“But if I write that report the 
way I feel it should be written, 
my boss will think that I am a 
child.” If an engineer, for ex- 
ample, is testing an insulating ma- 
terial and it chars and smells like 
burned string beans, why not say 
so? 

The technical world needs people 
whose minds are packed with facts. 
but with the boldness of imagina- 
tion to release them in a form that 
is easy and pleasant to take. 

From “Why Study English?” in 
General Electric Review, Septem- 
ber, 1954. 
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Contact wival ! Muskegon 


FOR ALL TYPES OF BALL AND 








ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 





OS Te pe yi 
A 
- STINT pare’ 


KAYDON single row, tapered roller bearings 12.125° x 13.250 x .718 
Total bearing weight: 3.15 Ibs. 

















KAYDON creates world’s |I||NNEST tapered 


roller bearings =f \||-5||\l as a wedding ring 








Here’s another first by KAYDON of Muskegon. We now offer the 
thinnest single row, tapered roller bearings ever made. 


Details of thin section, lightweight 





Even a bride’s modern wedding ring, made to proportionate 





size, would not be as thin or light in weight as one of these bearing shown above 
Reali-Slim bearings. ' 
If you’re faced with bearing problems, which involve 


conserving space and weight, consult KAYDON while your prod- Onl Dn 
uct design still is on the drawing board. Remember — for 9/16" Thick "cee 


standard bearings or bearings of unusual design you can de- 


pend on KAYDON for the engineering skill and manufacturing | 13.250" 





facilities to do your job. It pays to contact KAYDON first! 














Write for engineering catalog! Only 


For complete data on capacity, seals, sep- 
arators, standard and Reali-Slim “wedding 3.15 Ibs. 
ring” bearings, ask for catalog No. 54. 


- KAYDON types of Standard and Special Bearings: 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
¢ Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 
T HE ENGINEERIN G CORP. 


K-551 

















MUSKEGONeMICHIGAN 
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Helpful Literature 


(Continued from page 230) 





tion motors, both new and current lines, for 
applications from 1 to 200 hp, is purpose of 
12-page illustrated Motor Selector bulletin 
B-2102. It lists performance characteristics, 
construction features, dimensions, prices and 
other information essential in ordering the 
‘right motor for the job.’’ 


37. Air, Gas, Oil & Water Valves 

Ledeen Mfg. Co.—Line of standard four-way 
hand, foot, power and solenoid-operated valves 
is subject of 16-page illustrated bulletin 1010 
Dimensions and weights, application diagrams 
circuit diagrams, parts list and accessories 
are included. Valves are designed for air, gas 
oil and water applications. 


38. Electrical Insulations 

Johns-Manville—Use of reinforcing materiais 
gives new series of composite electrical insula 
tions added to Quniterra and Quinorgo line 
high tensile and tear strength and makes them 
suitable for motor rewinding and other dynam- 
te applications. Three descriptive folders cov- 
er Class H insulation for operating tempera- 
tures up to 250° C, Class B for temperatures 
up to 150° C and economical Class B purified 
asbestos insulations. 


39. Valve Operators 

Philadelphia Gear Works-—-LimiTurque fully 
automatic valve operators, subject of 21-page 
illustrated catalog L-54, eliminates manual op- 
eration of valves. It limits amount of torque 
applied to valve operating parts. Operational 
details are shown. 


40. Stainless Steel Pipe 

Babcock & Wilcox Co., Tubular Products 
Div.—Methods of bending and joining seam- 
less and welded stainless steel pipe are out- 
lined and problems of light wall vs. heavy wall 
pipe are discussed in 6-page bulletin TB 356. 
Table of dimensions and weights of various 
pipe size schedules and condensed technical 
data on mechanical and physical properties 
are included. 


41. Fabric Bearings & Parts 

Gatke Corp.—32-page illustrated brochure 
covers applications and describes unique prop- 
erties of molded fabric bearings, wear plates 
and other parts. It shows bearings that are 
grease or oil lubricated, water lubricated, un- 
lubricated and designed for acid-resistant 
services. Journal sizes are up to 48-in, diam- 
eter. Molded asbestos brake blocks, frictions. 
cones, etc., are shown. 


42. Air Line Lubricators 

Cc. A. Norgren Co.—Twenty models with 
eapacities of %-pt, 1% gal and 4% gal for 
%, %, %, % and I1-in. pipe sizes are avail- 
able in line of Micro-Fog lubricators for air 
tools, air cylinders and other air operated 
equipment. These units will supply just the 
right amount of lubricant into compressed air 
tines with flows ranging from 5 to 250 cfm 
Get bulletin No, 496. 


43. Voltage Calibrator 

Calidyne Co.—Usable wherever accurate 
voltage measurement over a wide frequency 
range must be made, the Calivolter is also 
suitable for calibrating voltage testers and 
voltage-sensitive devices, This precision elec- 
trical instrument is described in 4-page illus- 
trated bulletin 2354. 


44. Diazo Reproduction Materials 

Tecnifax Corp.—32-page illustrated data 
book deals with a wide variety of materials 
and applications which are available to users 
of the diazotype or whiteprint reproduction 
process, Light-sensitive papers, cloths and 
films are described which will produce direct- 
positive prints of any transluscent original, 
whether written, printed, typed, photographed 
or drawn. 


45. Packing Selector 

New York Belting & Packing Co.—Even a 
layman could pick out the right packing for 
almost any application in a matter of sec- 
onds with a new circular-slide rule type pack- 
ing selector. Ideal for small users of pack- 
ings, this free selector contains all the data 
found in the complete packings catalog. Sim- 
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ple setting yields correct packing for known 
conditions of equipment and type of service. 


46. Centrifugal Castings 

Lebanon Steel Foundry—Design, manufac- 
ture and final application of centrifugal cast- 
ings are thoroughly covered in 12-page illus- 
trated brochure. Production facilities as well 
as details of the Centri-Die and Centri-Spun 
casting processes are presented in easy-to-use 
form. 


47. Fluid Couplings 

Twin Disc Clutch Co.—Cumpilete installation 
and performance data comprises 14-page illus- 
trated bulletin No. 144-D on fluid couplings. 
Just how these units can be applied to any 
type of industrial equipment powered by elec- 
tric motors or internal combustion engines is 
shown. Rating range is % to 850 hp. 


48. Corrosion Protection 

Allied Research Products, lne.—Cvuuipreticu- 
sive file of literature deals with Iridite Chro- 
mate Conversion Coatings for prevention of 
corrosion and paint-base treatment of nonfer- 
rous metals, Eight dividers classify data 
into general information, metal to be treated 
and finishing processes. 


49. Voltage Stabilizers 

Raytheon Mfg. Co.—16-page illustraica cat- 
alog 4-260 is entitled ‘‘Voltage Stabilizers.’’ 
Described are standard models which meet 
power requirements ranging from 5 to 2000 
watts, They will regulate voltage accurately 
within %-per cent in 1/20 of a second. 


50. Tachometer-Generator 

Servo-Tek Products Co.—Details of a 3 vz 
permanent-magnet direct-current tachometer- 
generator are given in 2-page data sheet. This 
accurate, compact unit serves as a direct-read- 
ing tachometer, for synchronizing rotating ma- 
chinery, as an over or under-speed indicator, 
as a speed controller and for velocity servos. 


51. Fluid Power Equipment 

Oilgear Co.—Variable delivery, constant de- 
livery, duplex and automatic feed pumps; con- 
stant displacement, Oilgearducers and variable 
displacement motors; variable speed transmis- 
sions; standard and heavy duty cylinders and 
complete complement of valves and accessor- 
les with outputs to 150 hp are detailed in 
12-page illustrated bulletin 10051-D. 


52. Flexible Couplings 

Browning Mfg. Co.—lIllustrated supplement 
V-169-C deals with roller chain type flexible 
couplings which are available with or without 
covers. Use of malleable split-taper bushings 
adapts ten couplings to all bores in range 
from % to 3% in. Tabulated are horsepower 
capacities at speeds up to 3600 rpm. 


53. Vibration Control Switch 

Beta Corp.—Just how the Vibraswitch, a 
low-cost vibration responsive device, provides 
for protection, measurement, warning and au- 
tomatic shut-down of equipment is outlined in 
4-page illustrated bulletin 500-1. This vibration- 
sensitive switch is adjustable for frequencies 
from 0 to 200 cycles per second. 


54. Industrial Engines 

Chrysler Marine & Industrial Engine Cuorp.— 
Models 30 and 31 gasoline industrial engines 
are available as basic engines, open power 
units and enclosed power units. These 6-cyl- 
inder engines deliver 99 bhp at 3600 rpm. 
Complete specifications are given in illustrated 
folder. 


55. Velocity Pickups 

Consolidated Engineering Corp.—lIllustrated 
data sheets 1545, 1535A, 1546 and 1549 de- 
scribe four models of velocity pickups which 
are designed to detect and measure torsional 
vibrations from a rotating shaft, for vibration 
monitoring, for measurements of vibration fre- 
quency and amplitude and for checking ver- 
tical and horizontal vibration. 


56. Electric Panel Instruments 
DeJUR-Amsco Corp., Electronic Sales Div. 

—Details, specifications and actual size draw- 

ings of 1%-in. sealed square instruments for 


front and rear panel mounting are given ip 
2-page data sheet 152. Line includes direct 
current microammeters, ammeters and volt- 
meters and alternating current voltmeters Ip 
several ranges. 


57. Copper Welding Alloys 

Eutectic Welding Alloys Corp.—Five anew 
copper welding alloys for welding and solder- 
ing copper and copper alloys are described 
in 4-page illustrated news sheet No, TIS2263 
Properties, application procedures and other 
data are given. 


58. Industrial Engine 

Ford Motor Co.—Specifications, design fea- 
tures and performance characteristics of the 
Ford ‘‘215’’ 6-cylinder gasoline engine are 
given in 4-page illustrated bulletin. This 215 
cu in. displacement engine delivers 93 bhp 
at 2800 rpm. Also tabulated are specifications 
of other 4, 6 and V-8 cylinder engines for 
industrial power applications. 


59. Cork Products & Materials 

Dodge Cork Co.—Industrial appHcations and 
specifications for natural and composition cork 
are presented in 4-page Illustrated bulletin 
8-55. Materials are available in sheet. block 
and granulated forms. 


60. Hydraulic Relief Valves 

Fluid Controls, Inc.—Technical data shwvetr 
1.11, 1.141 and 1.142 contain design and ap 
plication information on pilot type relief valves 
which are designed to limit pressure accurate 
ly in an hydraulic system or part. They are 
particularly usable on machine tools, mining 
machinery and materials handling equipment 


61. High Speed Index Tables 

Ferguson Machine & Tool Co., Roller Gea: 
Div.—Assembly drawings, tables of load rat- 
ings and dimensions of over 150 models of In- 
termittor standard precision index tables for 
high speed production are found in 12-page 
catalog 300. They are made with from 4 tk 
36 work stations and 12 to 48-in. dial sizes 
Production speeds of 30,000 pieces per hour 
are attained on some units. 


62 Hydraulic Fluid 

Monsanto Chemical Co., Organic Chemicw 
Div.—20-page booklet contains a step-by-step 
check list for converting a hydraulic system 
to Pydraul F-9, a fire-resistant industria! 
hydraulic fluid. Properties and performance 
data are included. Fluid has good lubricity 
high stability and noncorrosiveness, 


63. Sprayed-On Heating Elements 

Electrofilm, Inc.—Answers for solution of 
difficult heating problems due to odd contour 
shapes, space or weight lmitations, lagging 
etc., are compiled in file folder ‘‘Heating Dle- 
ments Engineered to Yvur Design.’’ Technica) 
data are presented on the sprayed on film 
type heating elements. 


64. Testing of Components 

General Testing Laboratories—‘‘Assure Re 
liability by Qualification’ is a 4-page illus 
trated folder that outlines research and de 
velopment and qualification types of environ 
mental testing carried on by this company 
Electronic and electro-mechanical components 
can be given wide range of tests. 


65. Aluminum Bronzes 

WW Alloys, Inc.—Properties of 18 grades vo‘ 
aluminum bronzes are given in technical dats 
bulletin 15.100. Chemical composition, tensile 
and yield strengths, elongation, reduction ip 
area and hardness are given. Centrifugal 
permanent mold and sand casting are avail 
able. Some grades are available in forging® 
and wrought forms and several are heat treat 
able. 


66. Printed Circuits & Wiring Devices 

U. 8. Engineering Co.—Useco terminals 
terminal boards, and etched and printed cir- 
cuits are subject of 8-page illustrated bulle- 
tin. Facilities of this company to produce 
and control quality of precision electroni: 
components are described. 
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Here’s how you can simplify 


with SUNDSTRAND Fluid Motors... 


Shadaned Fluid Motors provide driving 
power by converting pressurized oil to 
rotary motion through a simple wobbler- 
piston arrangement. With motors as a 
source of power, you can eliminate com- 
plicated mechanical-type transmissions, 
which are highly subject to wear and re- 
quire considerable maintenance. The fluid 
motor is compact, it can be mounted close 
to the driven member. This does away with 
gears, clutches, belts, chains, and long 
shafting. Windup, experience with me- 
chanical-type drives, is no longer a prob- 
lem. The driven member receives the full 
force delivered by the high torque motor. 
Speeds can be controlled: infinitely over 


the complete range of 10 to 1800 rpm with- 
out clutching or changing gears. Low 
Starting inertia. 

Sundstrand Fluid Motors are simple in 
design . . . built to withstand rugged treat- 
ment. The shaft and wobbler assembly is 
the only rotating part. Balanced design 
assures smooth operation and keeps main- 
tenance low. Models range in output up 
to 30.00 hp at 1000 psi and 1800 rpm. If 
you have a power transmission problem, a 
Sundstrand Fluid Motor may be the an- 
swer. Get bulletin 113-2 for complete in- 
formation on application, operation, per- 
formance, models, and mounting arrange- 
ments of Sundstrand Fluid Motors. 


SMALL, COMPACT 
DESIGN 


INFINITE CONTROL 
OF SPEED 


ONLY ONE 
ROTATING PART 


Up to 30.00 hp 


SUNDSTRAND MACHINE TOOL CO. 
industrial Division, Rockford, Illinois 


SUNDSTRAND 


A name to remember in INDUSTRIAL HYDRAULICS 












A N D 


Small Solenoid 


Incorporating new positioning 
of double shading coil for high 
seated pull, this small, compact 
solenoid is especially adapted to 
rugged duty. The lightweight 
unit will operate in any position. 
It is regularly furnished for both 
constant and intermittent duty, 





115-v, Blade _ter- 


60-cycle ac. 
minals are standard; flexible leads 


are optional. Made by Dormeyer 
Industries, Dept. MDC, 3418 N. 
Milwaukee Ave., Chicago 41, IIl. 


For more data circle MD-67, Page 229 


Nylon Fastenings 


Nylo- Fast precision - machined 
nylon fastenings weigh 1/6 as 
much as stainless steel and 4% as 
much as comparable aluminum 
fasteners. Elastic and resilient, 
they conform to irregular surfaces 
and lock in place to prevent ldosen- 
ing under vibration. Fasteners 
have low dielectric constant and 
relatively high dielectric strength, 
providing resistance to high volt- 
ages. Unaffected by commercial 
solvents, alcohols, gasoline, oils 
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NEW PARTS 


M ATE R 


For additional information on these new developments, see Page 229 


and boiling 40 per cent caustic 
soda, they withstand continuous 
temperatures to 250 F and remain 
form stable to 450 F. Presently 
stocked in many of the popular 
sizes of machine screws and in a 
variety of colors, the fasteners can 
be machined to special order and 
produced in virtually any shade by 
the Nylatint process. Made by 
Anti-Corrosive Metal Products Co. 
Inc., 1233 River Rd., Castleton-on- 
Hudson, N. Y. 


For more data circle MD-68, Page 229 


Bearings and Bushings 


Inner and outer parts of Berco 
ball-action, self-aligning bearing or 
bushing are separated by a cushion 
of molded natural rubber, Buna §, 
Buna N, Neoprene or silicone rub- 
ber. This cushion between the two 
metal parts of the bearing, com- 
bined with the ball-action self- 
alignment, reduces and absorbs 
vibration, shock and sound. Tilt 
of shaft is exaggerated in view A 
to illustrate the ball action. For 
rotary motion, needle bearings (B) 
or a bronze bushing insert (C) can 
be supplied. Applications of the 
bearing include use in pillow 
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blocks for line shafts, on electric 
motors and many other rotating or 
reciprocating parts requiring self- 


alignment, noise reduction and 
shock absorption. Made by A. Jd. 
Berna Co., 20160 Sherwood Ave., 
Detroit 34, Mich. 


For more data circle MD-69, Page 229 


Sectional Terminal Block 


Any number of circuit sections 
can be securely assembled from 
three basic parts into this compact, 
70-amp, 750-v sectional terminal] 
block. Sections, 13%, in. high and 
11% in. wide, are of medium-im- 
pact phenolic, highly resistant to 
heat, shock, moisture and solvents. 





They withstand temperatures from 
—65 to 300 F. Pres-Sure-block de- 
sign incorporates three integrally 
molded, serrated pins which locate 
and secure each circuit section by 
mating with corresponding holes in 
the adjoining circuit section. No 
fastening hardware is needed. Tu- 
bular-screw, tubular clamp, or strap 
type contacts are available for 
stripped or terminal-ended wire 
within the range of No. 18 through 
No. 4. All contacts are plated 
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A SIMPLE CONCEPT IN 
LUBRICATION. 


that protects any machine... any bearing surface / 
TE O1L-MIST 


This Oil-Mist 

lubricator atomizes 

oil into minute 

particles which are 

carried in the air 

stream through 

tubing to bearings. 

Compressed air 

how it enters through the 

works! air regulator (1) and 

air gauge (2). As 

the air passes the 

venturi (3) it draws oil from the reservoir (4). Oil flow 

is set by knob (5). The oil-air mixture is thrust against 

baffle (6), and only the tiniest, lighter-than-air particles 

are blown through the outlet (7) and through the deliv- 
ery line to bearings. 


\ 


Three types of bearing fittings 


Complete range of models and multiple unit models — 
Capacities 12 oz. to one gallon to fit any application! 


Alemite Oil-Mist offers these lubrication advantages 


Automatic lubrication * Continuous lubrication 


FREE ...w/r/fe today / 


Eliminates guesswork + Greater safety * Cuts oil consumption up to 90% en consen beaten fer your teen ctay of tn Gli 

Extends bearing life « Stops oil drippage * Saves man-power catalog and data book! 
Reduces number of lubricants needed + Eliminates ‘‘Down-time”’ - r 
Alemite, Dept. R-25, 1850 Diversey Parkway, Chicago 14, Illinois 


A PRODUCT OF 


Name 
~sme OIL-MIST Bl) = 


‘ Address 


LUBRICATION 


City 
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electrolytic copper with positive 
wire stops. With maximum wire 
sizes installed in all contact types, 
contact screws never project above 
block surface. Pres-fit sections are 
available factory assembled or in 
sections for user’s assembly with 
pneumatically or manually operated 
assembly fixture. Slip-fit sections 
are available for user’s hand as- 
sembly and disassembly. Made by 
Buchanan’ Electrical Products 
Corp., 225 Highway 29, Hillside. 
N. J. 


For more data circle MD-70, Page 229 


Hand and Foot Valves 


Single and double foot treadle 
and vertical and horizontal hand 
lever controls are available in im- 
proved 880 series of three and four- 
way valves. Change from hand to 





easily made. 
Separate base is provided for bot- 
tom or side ports, and an optional] 
base is offered to permit manifold- 
ing series of bases to each other for 
simplified piping. Valves can be 


foot operation is 


disconnected without disturbing 
piping. All models have standard 
two-position locking action, but can 
be ordered with spring return or 
three-position locking action. Pipe 
sizes include 4%, and %-in. Pres- 
sure rating is 125 psi, and maxi- 
mum recommended operating tem- 
perature is 175 F. Made by Ross 
Operating Valve Co., Dept. 3101, 
120 E. Golden Gate Ave., Detroit 


3. Mich. 
For more data circle MD-71, Page 229 


Sealed Subminiature Switch 


Completely sealed model ISEI 
snap-action switch measures % x 
It operates in 


21/64 x 11/32-in. 


236 


the temperature range of —65 tu 
180 F. Sealing is accomplished 
with a silicone rubber plunger seal, 
bonded both to the pin plunger 
and the metal housing, and by em- 
bedment in an epoxy casting resin 
inside the housing. Exterior hous- 
ing is corrosion-resistant treated 
aluminum. Leads, extending out 








of the epoxy casting resin, are 
available in lengths of 1, 3, 5 or 
12 ft; special lengths can be or- 
dered. Tentative electrical rating 
of the switch is 30 v dc, 2.5 amp 
inductive, 4 amp resistive; maxi- 
mum inrush is 15 amp. Operating 
force is 5 to 17 oz; release force, 
4 oz minimum; differential travel, 
0.004-in. maximum;  overtravel, 
0.003-in. minimum. Standard con- 
tact arrangement is_ single-pole, 
double-throw; however,  single- 
pole, single-throw, normally closed 
and normally open models are 
available. Minimum mechanical 
life expectancy of the switch is 
300,000 operations. Made by Mi- 
cro Switch Div., Minneapolis-Hon- 
eywell Regulator Co., Freeport, 
Tl. 
For more data circle MD-72, Page 229 


Small Motors 


High starting torque and ex- 
ceptional power output are com- 
bined in these Barcol YAF unidi- 
rectional motors available in three 
stack thicknesses and nine power 
ratings from 1/200 to 1/40-hp. 





Typical power applications include 
industrial instruments, fans, small 
pumps and other devices and ap- 
pliances. Motors have large oil 
reservoirs, self aligning oil-impreg- 
nated porous bronze bearings, and 
stainless steel hardened and ground 
shafts. Various mounting arrange- 
ments are offered. Made by Bar- 
ber-Colman Co., Small Motors Div.. 
1200 Rock St., Rockford, II. 


For more data circle MD-73, Page 22 


Backstop for Speed Reducer 


Shaft-King speed reduction unit 
is now available with an internal 
backstop. All except the two 
smallest sizes of the reducer, in 
both 13:1 and 20:1 ratio, can be 
equipped with this safety device, 
which operates to prevent back- 





ward rotation of the unit when 
the driving torque is removed. 
Backstop mechanism consists of 
two case-hardened reversible stee] 
pawls pinned to the high-speed 
gear; a hardened alloy steel detent. 
dowelled and bolted to a cover- 
plate attached to the outer hous- 
ing of the reducer and furnished 
with a number of recesses into 
which the pawls drop when the re- 
ducer slows down; and a pair of 
case-hardened steel, spring-actu 
ated plungers for each pawl, each 
pair riding in a housing bolted to 
the high-speed gear. When output 
speed of the reduction unit exceeds 
15 rpm, centrifugal force on the 
pawls pushes the plungers back 
into their housings and keeps the 
pawls out of contact with the de- 
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YOU CAN COUNT ON CONTINENTAL 
-| FOR EVERY FASTENER NEED! 
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Only Continental Offers You 
‘| All 14 Types of Tapping Screws! 


d Here’s another reason why Continental Continental will back you up with over 50 
. can help cut your fastener costs years experience, and we are proud of our hard- 


" Continental is the only producer making all earned slogan— You can always count on 


14 types of thread-forming and thread-cutting 
screws. These are part of Continental’s vast 
f selection of standard screw styles and sizes 
; which number over 1,756,000. 

This gives you the largest choice in the in- , 
t dustry and, combined with Continental’s top S 

8 position in the production of special fasteners, Continental Scr ew Co. 
it guarantees faster service and a top-quality Manufacturers of Holtite Fastenings 
product. NEW BEDFORD, MASSACHUSETTS, U. S. A. 


Continental for every fastener need. 
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tent. Below 15 rpm the spring 
pressure forces the pawls into re- 
cesses in the detent, assuring lock- 
ing action. Locking occurs within 
1/72 of one backward revolution 
of the reducer. Made by American 
Pulley Co., 4200 Wissahickon Ave., 
Philadelphia 29, Pa. 


For more data circle MD-74, Page 229 


Break-Off Screw 


Attachment of a die-cast piece 
to another object is simplified 
through use of this break-off type 
thread cutting screw which forms 
a stud in the cored hole of a die- 
casting. Applications include fast- 
ening nameplates and decorative 
escutcheons of various types. Screw 
can be hopper fed from power screw 
drivers. It is driven into the un- 
tapped hole until it “bottoms,” then 


torque is increased and upper por- 
tion of the screw, including head, 
twists off at a “necked down” sec- 
tion. This leaves a protruding stud 
on which a nut can be threaded. 
Head portion can be designed for 
reuse in a different type of applica- 
tion. Made by Illinois Tool Works, 
Shakeproof Div., 2501 N. Keeler 
Ave., Chicago 39, Ill. 


For more data circle MD-75, Page 229 


Relief Valve 


Pop-off relief valve for pres- 
sures from 1 to 125 psi seals tight- 
ly with no leakage below release 
pressure and reseats absolutely 
tight within 10 per cent of this 


SVVIKERLALLLL 


ALLL 


SHUeed 








value. Sealing is provided by a 
resilient member fitted into the 
poppet head which seats into a 
spherical section in the valve body. 
When in the closed position, the 
metal-to-metal seating limits the 
compressive load on the resilient 
seal. Spherical valve seat elim- 
inates the need for close stem 
alignment and close sliding fits in 
the sealing area. Valve is recom- 
mended for applications requiring 
maximum flow and minimum pres- 
sure drop. Made by James-Pond- 
Clark, 2181 E. Foothill Blvd., 
Pasadena 8, Calif. 


For more data circle MD-76, Page 229 


Solids Pump 


Operation of this centrifugal 
type Torque-Flow pump is similar 
to fluid type torque converter. Al- 
though the pump impeller is en- 
tirely out of the material flow 
pattern, it induces a vortex, or 
swirl, that accomplishes pumping 
action. Most particles are dis- 
charged in less than one revolu- 
tion due to centrifugal force of 
vortex action. The rotating fluid 
mass forms a buffer between the 
impeller and the solid particles and 


















chunks in the flow, so that few of 
them ever touch. Thus, such prod- 
ucts as foodstuffs can be pumped 
without damage. Clogging does 
not occur, because interior of the 
pump offers no restriction to flow. 
Pump has mechanical seals and 
heavy-duty antifriction bearings 
which are oil-bath lubricated. Pro- 
vision is made for rapid disas- 
sembly from either end without 
disturbing piping. Pump handles 
coarse, abrasive, soft or fibrous 


materials. Seven models have dis- 
charge pipes ranging from 2 to 
10 in. in diameter. Capacities range 
from 200 to 4000 gpm of water 
at 75 to 100-ft heads. Made by 
Western Machinery Co., 760 Fol- 
som St., San Francisco 7, Calif. 

For more data circle MD-77, Page 229 


Precision Coupling 





Oldham coupling, designed for 
medium-speed operation, permits 
slight angularity and misalignment 
of two shafts. The unit has a high 
torque shaft-to-shaft coupling with 
zero backlash. Coupling is stain- 
less steel throughout. Basic shaft 
sizes are 4, 3/16 and \4-in. di- 
ameter. Stainless steel setscrews 
for holding and sub-drill holes for 
fixed pinning are provided, as de- 
sired. As many as six different 
shaft-to-shaft combinations are 
available. Made by PIC Design 
Corp., 160 Atlantic Ave., Lynbrook, 
Ea Eig Ws ee 


For more data circle MD-78, Page 229 





Valve-in-Head Cylinders 


Stroke of any length up to 60 
in. and 2 and 3-in. bores are avail- 
able in Allenair model SVA and 
SVE valve-in-head cylinders. Made 
with or without adjustable cush- 
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individually Designed 
Pulpit type power unit 
> og full visibility, to Meet SPECIFIC Needs 


easy accessibility. 











ICKERS. 
Custsin Gully 


HYDRAULIC 
POWER 
ing gasket-mounted valves. U Wi i — 


Compact power unit show- 























DEPENDABLE PERFORMANCE 


Portable power unit for IMPROVE A 


testing pumps. REDUCE INSTALLATION 
COST AND TIME 


EASIER SERVICING 
BETTER APPEARANCE 


Vickers engineers approach the design of a custom- 
built hydraulic power unit from the standpoint of 
the customer’s INDIVIDUAL needs. The sole objec- 
tive is to meet HIS requirements with the best 
hydraulic “package”. This assures the most compact, 
efficient and convenient hydraulic equipment for 
the particular machine. _ , 


A Vickers Hydraulic Power Unit includes all 
necessary pumps, valves, intermediate piping, 
oil reservoir, motors, controls, etc., as well as all 
hydraulic accessories (oil filters, air cleaners, 
oil level gauges, fittings, etc.). Hydraulic connections 
can be grouped in a convenient manifold. 


In addition to the advantages mentioned above, 
each Unit is pretested at the factory and ready for 
immediate operation. Vickers undivided responsi- 












Power unit with gasoline 
engine as prime mover. @* 

























bility for the entire hydraulic control system is also 
an important feature to both the machine builder - 
and his customer. Write for Bulletin 52-45. er 


VICKERS Incorporated 
: DIVISION OF THE SPERRY CORPORATION - 


Power unit for hydraulic control 
of electric furnace. 





ENGINEERS AND BUILDERS OF Ott HYDRAULIC EQUIPMENT Since Se 
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BALL BUSHING 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design and performance with 
BALL BUSHINGS! 


Now manufactured for 4", 42", %", 1", 
T’™", 2", 2%", and 3" shaft diameters. 


LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE - LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 
Ww Dept. E, MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
y 2 ) representative in your city. 


Ned 


















Also manufacturers of NYLINED Bearings — DuPont NYLON 





within a metal sleeve—for rotation and reciprocation. 














New Parts 





ions, they have integral slider type 
valves in the rear head which are 
air or electrically operated. Slider 
is actuated by a spool whose in- 
stantaneous motion is achieved by 
momentarily bleeding air from one 
end of it or the other. Model SVE, 
shown, has two control solenoids 
for 110 or 8-v operation. Two bleed- 
er valves achieve actuation on air- 
operated unit. Valves have large 
ports throughout, as well as two 
built-in speed controls. Foot or 
flange mounts, swivel brackets and 
rod clevis are available for mount- 
ing in any position. Made by A. K. 
Allen Co., 57 Meserole Ave., Brook- 
lyn 22, N. Y.’ 


For more data circle MD-79, Page 22» 


Panel Voltmeter 


This expanded-scale panel volt- 
meter registers ac voltage readings 
accurately to 0.5-per cent over the 
frequency range of 50 to 2000 
cycles per second. Use of a ther- 
mal bridge permits the indication 





of a narrow voltage range. The 
scale is expanded about a given 
normal voltage which may be as 
low as 6.25 v with a span of +0.25 
v, or as high as 230 v with a span 
of + 30 v. Line includes 31% and 
41%-in. diameter models, as well as 
3%%-in. square and 4 x 6-in. rec- 
tangular models. Made by Argzs 
Div., Beckman Instruments Inc., 
220 Pasadena Ave., South Pasa- 
dena, Calif. 


For more data circle MD-80, Page 229 


Miniature Nylon Bearings 


Nyliner miniature precision nylon 
bearings eliminate the need for 
periodic lubrication, have long life, 
operate smoothly and silently and 
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are compact. Gap compensates for 
substantial dimensional changes 
which occur in nylon as a result 
of moisture absorption and tem- 


perature variation. Bearings, by 
running dry, do not collect dust or 
other contaminants. They are cor- 
rosion resistant and can operate 
in liquids. Mounting bearings di- 
rectly in a housing bore of recom- 
mended diameter saves space, cost 
and weight. Bearings can be fur- 
nished as straight sleeve or flanged 
type, latter used to take thrust 
loads or as a means of retention. 
Either type can be supplied to 
specific requirements. Made by 
Thomson Industries Inc., 1029 
Plandome Rd., Manhasset, N. Y. 


For more data circle MD-81, Page 229 


Check Valves 


Ball-type Hoke check valves 
with Swagelok ends are designed 
for minimum flow resistance and to 
provide positive reverse flow check. 
Seat material is synthetic rubber, 
spring is stainless steel, and the 





gasket is fiber. Maximum operat- 
ing temperature is 150 F. Valve 
is available in brass with a maxi- 
mum operating pressure of 1000 
psi, in stainless steel with maxi- 
mum operating pressure of 3000 
psi, or in other materials. Swage- 
lok ends prevent vibration. The 
tubing is well supported and not 
damaged when the fitting is tight- 
ened, nor is any torque trans- 
mitted from the leakproof end to 
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Erie Fasteners 
are in wide 
use by the na- 
tion's leading 
builders of 
Construction 
Equipment. 





Ong or THe 








ERIE the correct fastener 


for the job! 


You can rely on over 40 years of 
experience in producing bolts, studs and 
nuts designed to withstand the effects 
of high and low temperatures, high 
stresses, fatigue and corrosion. Modern 
facilities enable our skilled craftsmen 
to produce to your specifications boits, 
studs and nuts, precision machined and 
heat treated in carbon, alloy, stainless 
steel and non ferrous metals. 

These Erie Products prove their qual- 
ity every day in the railroad, chemical. 
petroleum and automotive industries; on 
farm, construction and industrial equip- 
ment and heavy machinery. Send your 
design and material specifications to us 

. we will make for you the Correct 
Fastener for the Job. 












Shack ~ Vleadiow 







effective 
in all 
directions 


Type 1000-2000-4000-3000 Barrymounts isolatc 
short-duration shock and high-frequency 
vibration above 45 cps. 


Four sizes: Load ranges of 7 to 50 Ibs., 15 to 


125 Ibs., 


of the metal parts. 


Smooth load-deflection curves through rubber-in- 
compression construction, assure protection of 


ISOLATORS 





100 to 450 Ibs., and 70 to 350 Ibs. 


Positive self-captivation security is a feature 
obtained by the design and assembly 


Photo courtesy 
Raytheon Mfg. Co. 













shock, vibrat 


and analysis 


@ Application 
engineering 


sensitive equipment in vehicular and shipboard @ Development 


installations. Vertical natural frequency at 
rated loads is 25 to 30 cps. 


Equal stiffness in all directions permits use in 


any attitude. 


Write today for information on these Barrymounts. 






SALES REPRESENTATIVES 
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engineering 





Do you know about 
these Barry services? 


@ Basic research on 
and noise control 
@ Product testing 


@ Prototype service 


Call your nearest 
Barry Representative 


ion, 











IN ALL PRINCIPAL 





722 PLEASANT STREET 
WATERTOWN 72, MASS. 


CITIES 
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the tubing in assembly. Available 
from Crawford Fitting Co., 884 B. 
140th St., Cleveland 10, O. 

For more data circle MD-82, Page 229 


Ruptureproof Gasket 


Danger of gasket rupture at 
high temperature due to entrapped 
air between insert and envelope 
is eliminated by design of Free- 
Flow Teflon gasket. Inner per- 
iphery of gasket does not ex- 
tend beyond ID of the pipe, and 





therefore does not restrict flow 
or cause turbulence in the line. En- 
velope is made of chemically inert 
Teflon, adapting the gasket to all 
known corrosive services, plus var- 
ied temperature conditions from 
—100 to 482 F, depending upon in- 
sert material. Wide variety of 
shapes and sizes for diverse appli- 
cations, including glass-lined, porce- 
lain and pyrex equipment, is avail- 
able. Made by Crane Packing Co., 
Dept. MDC, 1800 Cuyler Ave., Chi- 
cago 13, Ill. 
For more data circle MD-83, Page 229 


Reinforced Plastic Sheet 


Scotchply reinforced plastic con- 
sists of one or more sheets of plas- 
tic integrally reinforced with con- 
tinuous glass filaments. Filaments 
and curing agent are uniformly 
dispersed, and the filaments are 
aligned straight and parallel with- 
out crimp, slack or twist. Each 
sheet is composed of 60 per cent 
glass and 40 per cent plastic resin 
by weight. High strength in just 
one direction results if glass fila- 
ments of all plys run in the same 
direction; strength in two prin- 
cipal directions is attained by run- 
ning filaments at the necessary 
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Farrel Gears... 





for tough-job applications 


Qe tee 


The backbone in Farrel continuous- 
tooth herringbone gears, formed by 
the meeting of the two helices with- 
out a center groove, puts the entire 
face width of the gear to work for you. 


This provides extra strength and 
greater capacity for wear and shock 
resistance—especially important in 
tough-job applications like those be- 
low. The opposed helices balance and 
absorb axial thrust within the gear 
member, preventing harmful thrust 
loads with resultant stresses on other 
parts of the machinery. 


Farrel continuous-tooth herring- 
bone gears are made of the finest grade 
materials, in any size from 1% inch to 
20 feet in diameter. Send for informa- 
tion about these gears, or, if you pre- 
fer, a Farrel engineer will be glad to 
assist you in working out unusual 
gear problems. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 


Plants: Ansonia and Derby, Conn. 
Buffalo and Rochester, N. Y. 
Sales Offices: Ansonia, Buffalo, New York, Boston, 
Akron, Detroit, Chicago, Memphis, Minneapolis, 
Fayetteville (N. C.), Los Angeles, Salt Lake City, 
Tulsa, Houston, New Orleans 
FB-971 








Ball mill equipped with Farrel-Sykes gears. 
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Shear for cutting mild steel 
3” thick by 120” wide. 






Skip hoist driven by two motors through 


Farrel speed reducers. 









































The Swing is to 


Durakool 
Factory Set 
Timer Relays 


Practically 
Durakool 


FACTORY SET, TAMPER- 
PROOF TIMING 


e than prove 





non-breakable. 
Factory Set Timer 
Relays have mor 


3 


themselves on the geile st and 
toughest jobs that could be 
found. Year by year, their use 
increases in sensational fashion. 
Controlled time available from 
15 to 20.0 seconds in either 
norrr ally en norrr ally 
closed actions. No waiting. 
Your production schedule is 
met. 

% No false contacts 

% No chatter 

% Quiet in operation 

*% Lew in cost 


See telephone directory for local 


distributor or write 


DURAKOOL, INC., Elkhart, Ind. 
Cleir Ave., 


50 St. 


W. Torcato 





rl a te atin 


Durakool 





ALL-STEEL MERCURY 


Tomer 
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angle to each other; and equal 
strength in all directions is pro- 
vided if sheets of the material are 
laminated together at 120-deg an- 
gles to produce “isotropic lami- 
nate.” Tensile strength of this 
laminate. is 41,000 psi; flexure 
strength, 64,500 psi; compressive 
strength, 42,000 psi. It is inert 
to common industrial acid or al- 
kaline atmospheres and salt air. 
Material is shatterproof, rotproof, 
mildewproof and waterproof. It 
can be sawed, sheared, punched, 
drilled, sanded, painted, cemented 
and polished. Made by Minnesota 
Mining and Mfg. Co., St. Paul 6, 
Minn. 
For more data circle MD-84, Page 229 


Blower 


Small, lightweight blower has a 
3-in. tunnel and is rated at 70 
cfm at 1 in. of water static pres- 





sure. It weighs 20 oz and meas- 
ures 34g x 314 x 3% in. long. Com- 
pact design affords a large volume 
of cooling air with minimum ex- 
ternal projection. Unit operates 
directly from a 115-v, 400-cycle 
line in conjunction with a phasing 
capacitor. Made by Servomecha- 
nisms Inc., Components Div., 625 
Main St., Westbury, N. Y. 


For more data circle MD-85, Page 229 


Liquid Pumps 


Mechanical seals now used in 
Viking heavy and normal duty 
pumps with capacities from 10 to 
300 gpm afford leakless operation 
and eliminate the need to pack 
pumps. Seals are offered on un- 
mounted and mounted pumps with 





gear, V-belt, direct, double gear, 
flat belt, or V-belt and gear drives. 
Heavy-duty pumps are suitable for 
pressures to 200 psi on lubricating 
liquids and up to 100 psi on non- 
lubricating liquids; for similar uses, 
normal-duty pumps operate at 100 
and 50 psi. Carbon graphite bush- 
ings which require no external lu- 
brication are used. Seals are made 
of iron and steel for handling pe- 
troleum products or vegetable oils, 
or of bronze, stainless steel and Ni- 
resist for water, salt water and 
brines. Buna N synthetic rubber 
parts are used in all seals. Made by 
Viking Pump Co., Cedar Falls, 
Iowa. 
For more data circle MD-86, Page 229 


Solenoid Valve 


Packless and full-ported semidi- 
rect-lift bronze solenoid valve is 
suitable for use with air, various 
gases, water, oil, low-pressure 
steam and other media not harm- 
ful to bronze or 316 or 416 stain- 
less steel. When the solenoid is 
energized, the coil lifts the pilot 
valve assembly from the pilot 
valve orifice, thus relieving pres- 
sure on the top of the piston. Line 
pressure then lifts the piston. 
When there is no line pressure, 
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the pilot valve assembly engages 
the piston directly, lifting it from 
the full port area. Thus, positive 
opening is assured even at 0 psi. 
A spring over the piston provides 
positive closing when the solenoid 
is de-energized. Valve operates at 
pressures to 150 psi; at tempera- 
tures to 250 F. Sizes are avail- 
able to fit %, %4 and 1-in. pipe. 
Made by Atkomatic Valve Co., 
Dept. 1, 545 Abbott St., Indianap- 


olis, Ind. 
For more data circle MD-87, Page 229 


Remote Control Switch 


Bulletin 920 remote control 
switch is now available with a con- 
trol line fuse and adapter which 
may be added to an existing switch 





as well as obtained as an integral 
part of a new switch. Switches 
are Underwriters’ approved to 600 
v ac or 250 v de. Actuation can 
be by pushbutton, timer, toggle 
switch or a similar device. Switch 
is designed for installation on 
panel boards and switchboards and 
for separate installation on sub- 
panels. Made by Automatic Switch 
Co., 391 Lakeside Ave., Orange, 
N. J. 


For more data circle MD-88, Page 229 


Linear-Motion Potentiometer 


Precision wire-wound Linipot, de- 
signed for recording and control 
instrumentation, accurately trans- 
lates mechanical position into an 
electrical signal. Zero-based linear- 
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ity is +0.05-per cent with only a 
4-in. stroke or shaft displacement. 
This linearity is attained with a to- 
tal resistance of 10,000 ohms. Low 
operating force of 1 oz makes unit 
suitable for use in servo systems. 
Resolution factor is less than 0.001- 
in. Potentiometer has one, two, 
three or four windings within one 
case. Individual phasing of wind- 
ings is +3/16-in. Resistance range 
of device is 500 to 50,000 ohms. 
Made by Benson-Lehner Corp., 
2340 Sawtelle Blvd., Los Angeles 
64, Calif. 


For more data circle MD-89, Page 229 


Constant Flow Valves 


Flow rate of fuel oil or any oth- 
er nonabrasive fluid is maintained 
within 1 per cent up to 200, 300, 
400, 500, 600 or 700 gph as desired 
with new series of constant flow 
valves. Each model will maintain 
flow rates as low as 10 per cent of 
maximum. Flow of fluids with vis- 
cosities as high as 250 ssu at oper- 
ating temperature, static pressures 
as great as 500 psi and tempera- 
tures as high as 250 F can be regu- 
lated, despite fluctuations in up- 
stream or downstream pressure. 
Flow level is accurately maintained 
as long as viscosity and tempera- 
ture are constant and pressure dif- 
ferential across the valve is 40 psi 
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DESIGNERS - 
Electronic 


DRAFTSMEN 
Mechanical 


THE MELPAR SYMBOL 
STANDS FOR 


Growth - Progress - 
Leadership 


IN RESEARCH AND DEVELOPMENT 
OF ELECTRONIC EQUIPMENT 





Diversified and challenging 
S Problems 








A reapflippreciatitg and 
£7 recognition of & 
the ¢ jedividual's merit and ability 








An portunity for 
Be pn men to the 





A tedftion ne 2 defers 


jfrany advantaged\ 











ur 
Technical Personnel 
Representative will give 
you complete details of the 
opportunilies available to men 


qualified in the following fields: 


* Network Theory 

* Microwave Technique 

* UHF, VHF or SHF Receivers 

* Analog Computers 

© Digital Computers 

* Magnetic Tape Handling Equipment 
* Radar and Countermeasures 

* Packaging Electronic Equipment 
* Pulse Circuitry 

* Microwave Filters 

* Flight Simulators 

* Subminiaturization Techniques 
* Electro-Mechanical Design 


send complete resume to 
Technical Personnel Representative, 


melpar, inc. 


A Subsidiary of the Westinghouse Air Brake Co. 







452 Swann Ave., Dept. MD-6 
Alexandria, Virgin... 
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All Process 
Machine 
Engineers 


SIMPLIFY YOUR MACHINES AND REDUCE YOUR COSTS 
BY ADOPTING TIME OR COUNT CONTROL DEVICES. 









Machine operators prefer dial 
control with automatic opera- 
tion for those tedious jobs. 
Repetitive performance with 
assured quality control is guar- 
anteed. 






Eagle Signal Corporation can 
supply a precision timer: or 
counter for any purpose or 
they can design and build a 
control panel assembly for your 
application. Let Eagle engineers 
assist you with your machine 
control problem. 








Write for FREE BOOKLET 
“See What Timing Can Do For You” 




























Eagle Timers save time, save money. 
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or higher for maximum flow. Flow 
level can be set manually at the 
valve or through hydraulic, pneu- 
matic or one of two types of elec- 
tric remote adjusting systems. 
These, in turn, can be operated 
manually or by a pneumatic or 
electric signal proportional to tem- 
perature, flow of another fluid or 
a gas or some other variable. Made 
by Askania Regulator Co., 240 E. 


Ontario St., Chicago 11, Ill. 
For more data circle MD-90, Page 229 


Pushbutton Switches 


Applicable for control of elec- 
tronic equipment, appliances, and 
other assemblies, B1000_ series 
pushbutton switches handle 5-amp 
resistive loads and 3-amp inductive 
loads at 115v de or ac. Precision 
snap-action mechanism minimizes 





arcing and contact wear and pro- 
vides speedy operation. Copper 
contacts and terminals have heavy 
silver overlay. Either lug type ter- 
minals or wire leads are available. 
Molded phenolic housing seals 
switch from dust and moisture. 
Threaded aluminum bushing 
swaged to housing facilitates pan- 


| el mounting in 14-in. hole. Single- 





pole single-throw normally open or 
normally closed contact arrange- 
ment is available. Made by Heth- 
erington Inc., Sharon Hill, Pa. 


For more data circle MD-91, Page 229 


Molding Compound 






Glass-filled silicone compound 
301 facilitates molding of high- 
temperature plastic parts. Proper- 
ly molded parts will withstand con- 
tinuous exposure to 450 F, inter- 
mittent exposure to 700 F. Tensile 
strength after molding 10 minutes 
at 340 F is 5000 to 7000 psi, com- 
pressive strength is 10,000 to 12,- 
000 psi, and impact strength is 15 
to 22 lb-ft per in. Flexural strength 
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ranges from 12,000 to 14,000 psi at 
room temperature and 5000 psi at 
392 F. Compound can be molded 
with conventional equipment, and 
finished parts can be machined 
with high-speed tools. Mold shrink- 
age ranges from 0 to 0.0035 per 
cent. Developed by Dow Corning 
Corp., Midland, Mich. 


For more data circle MD-92, Page 229 


Miniature Motor 


This permanent-magnet motor, 
when equipped with a new type 
gear train that reduces as much as 
1600 to 1, can be used in place 
of a motor several times its size. 
It is available in six different mod- 
els with or without gear reduction 
units. Motor operates with a 
smaller air gap than is customary 











without any deterioration of com- 
mutation and without increasing 
the loss in field shoes. Specially 
shaped and laminated field shoes 
are used, and commutators are in- 
sulated with mica. Use of extra 
large brushes provides long life, 
good commutation, low RF noise 
and high output. Armature lam- 
inations have seven slots and are 
skewed full slot to assist commuta- 
tion and to minimize changes in 
magnetic reluctance. Modifica- 
(Continued on Page 256) 
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To label and 
package drugs 
for safe, effective use... 














SHARP & DOHME 
«= 9 needs good 
packaging machinery... 





and this is the camera 
that helps them 
design it 





It’s the camera that has helped John Deere build a better 
beet harvester, Firestone make a safer tire, A. B. Dick meet 
a tight production schedule, Friden figure faster, Michigan 
Tool roll and sell a better spline. 

The Kodak High Speed Camera does this by taking up to 
3200 pictures a second on 16mm movie film. Projecting the 
film at normal speed slows down parts moving too fast for 
human eyes to follow—slows the action down as much as 
200 times to a highly detailed crawl on the screen. The cause 
of trouble and often the cure stick out like a sore thumb. 

Can the Kodak High Speed Camera solve problems for 
you? Find out by sending for a copy of the booklet, “High 
Speed Motion Picture Making in Industry.” 


Graphic Reproduction Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


the Kodak | 
HIGH SPEED Camera 









Where moderate speed range is re- 

quired and where machine may be 

stopped to make speed changes. 

Horsepower range—1% to 300. 

Speed adjustment range—9 to 28 

percent. Two Vari-Pitch sheaves 

used together double range of ad- | 

9 | Vari-Pitch 


Combination Squirrel-cage stationary 
starter motor control drive 





Where infrequent change of speed 

in low horsepower drives is required 

and machine may be stopped for 

speed adjustment. Especially suit- 

able for fan drives, stokers, small 

pumps and tools. Horsepower range 

—fractional to 4 hp. Speed adjust- 

ment range—18 to 50 percent. Use 

of two adjustable sheaves doubles Texrope 


speed adjustment range. ‘ . 
' , Across-the-line Squirrel -cage adjustable 
starter motor drive 


EIGHT S TO GET 
VARIABLE SPEED 


Electrical 


Where stepped speed control is 

satisfactory. Available with stepless 

control in larger sizes by using liquid 

rheostat. Speed is varied by means 

of control on secondary windings 

of motor. Horsepower range—5 hp 

and up. Speed adjustment range— 

50 percent of synchronous speed to 

full load speed. 
Wound -rotor Wound - rotor 
motor control motor V-belt drive 





Electrical 


Where a few definite speeds are re- 

quired. Up to four speeds available 

from one motor. Motor is built on 

standard squirrel-cage frame with 

special windings and control. Fur- 

nished for variable torque, constant 

torque and constant horsepower. feat 

2 > — * 
Horsepower range—% hp up. Multi-speed 


Multi-speed squirrel - cage 
motor starter motor V-belt drive 


Texrope and Vari-Pitch are Allis-Chalmers trademarks. 


Write for Engineering Literature 
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Where speed must be changed while 
machine is in motion. Particularly 
good for machines requiring fine ad- 
justment while operating. Double 
range of adjustment may be ob- 


tained by using two Vari-Pitch 
sheaves. Horsepower range—1%4 


to 600. Speed adjustment range— 
9 to 28 percent with one Vari-Pitch 
sheave. 


Reduced voltage 
starter 


Squirrel -cage 
motor 














Vari-Pitch 
motion control 
drive 





Where very wide range speed con- 
trol is required or where enclosed 
unit is desired. May be manually 
or remotely controlled. Motor may 
be mounted on speed changer hous- 
ing for compact installation. Horse- 
power range—1% to 75. Speed ad- 
justment range—3% to 1. 


Electrical 


Where great versatility is required. 
Speed may be varied by various 
types of control, either stepped or 
stepless. For both constant and 
variable torque loads. Horsepower 
range—% hp up. Speed adjustment 
range—zero to maximum speed. 
Maximum speed in smaller sizes, 
3500 rpm. 

















Across-the-line 
starter 





Squirrel-cage 
motor 


COMPLETE DRIVES 








Vari-Pitch speed 
changer 


from One Reliable Source 





Direct current 
control 





Direct current 
motor 





Texrope 
V-belt drive 





Combination 


Where extremely wide range is re- 
quired, a combination drive adds 
the speed control range of the motor 
to that of the Vari-Pitch drive. 


Hundreds of combinations of any of | 


the above units can be worked out 
to fit the requirements of a par- 
ticular design. 





Rien cuttet, samme tettomeet 








Wound - rotor 
motor control 


Wound - rotor 
motor 





Vari-Pitch 
motion control 
drive 





















PIONEER 


Impeller Pumps 


ROLLWAY 


Positive Displacement 








PUMPS 





For Coolants, 
Lubricants and 





Abrasive Liquids 


0 to 174 gpm 


Something More Than 
Quality and Performance 


Rugged dependability and factory-tested performance are 
only a part of the story behind Pioneer and Rollway pumps. 


For 23 years Pioneer has specialized in the design and manu- 
facture of impeller and positive displacement type pumps. This 
experience led to the development of a complete pump line 
of over 400 models. The model shown above is one of a 
complete line of flange-mounted and submergible type pumps 
which provides strict conformity to J. |. C. standards. 







Pioneer pumps offer manufacturers many important advan- 
tages, such as the savings effected through the selection of 
standard pumps to meet custom requirements. Another impor- 
tant consideration in selecting Pioneer pumps is the unusual 
opportunity for standardization and interchangeability. 




















Pioneer application engineers will 
welcome the opportunity to discuss 
your pump requirements with you. 


Send Today for this FREE Catalog. 


PIONEER PUMP DIVISION 


DETROIT HARVESTER COMPANY 


Sales and Engineering Offices: 14300 Tireman Ave. -+ Detroit 28, Michigan 
Manufacturing Plant: Paris, Kentucky 





New Parts 
(Continued from Page 253) 





tions of speed, torque and other 
performance characteristics can be 
made to adapt the motor to vari- 
ous uses, and large torque outputs 
are available for valve and other 
actuations. Made by Airquipment 
Co. Inc., 2248 E. 37th St., Los 


Angeles, Calif. 
For more data circle MD-93, Page 229 


Pressure-Sensitive Tape 


Temp-R-Tape T, made from 
temperature-stable Teflon coated 
with a silicone polymer adhesive, 
can be used at temperatures rang- 
ing from —80 to 400 F. It ad- 
heres well to plastics, metals, ce- 
ramics and most other materials, 
especially at sub-zero tempera- 
tures. As a Class H electrical in- 
sulation and for sealing and core 
wrapping, it will not become brit- 
tle, break down or become pasty 
and loose at elevated temperatures. 
Made by Connecticut Hard Rubber 
Co., 407 East St., New Haven 11, 
Conn. 


For more data circle MD-94, Page 229 


Fluid Motor 


Vane type constant-displacement 
model C16A fluid motor is de- 
signed for continuous operation at 
pressures to 1500 psi and speeds 
from 50 to 3500 rpm. Torque is 
constant at any degree of rota- 
tion; running torque is 23.75-lb-in. 
Bearings will withstand overhung 
loads equal to full torque on a 
6-in. diameter wheel plus a 100- 
lb external end thrust. Slippage 
at stall is less than 10 cu in. per 





MACHINE DESIGN—February 1955 


































freedom of DESIGN in casting 


MALLEABLE IRON CAN BE EASILY cast 
INTO THE INTRICATE SHAPES AND 
DESIGNS REQUIRED BY MODERN 
HIGH PRODUCTION METHODS 





We have just one point to make... 

there is no engineering substitute 

for good, accurate, dependable 

castings! There is no practical way to 

put metal where it is wanted . . . so accurately and at so little cost! 

. When it comes to the casting of ferritic and pearlitic malleable 

irons, one name means the most to the men who buy... Albion 

Malleable Iron . . . the foundry supplying every major requirement in 
processes, equipment and service. 

Make malleable iron, the versatile metal, a part of your product. 
Contact your Albion Malleable Iron Company representative now, he 
will be glad to bring you up to date on the rapid development in 
casting techniques and advantages that are yours for the asking. 


albion malleable iron company 


ALBION, MICHIGAN 
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with the new "C” Line 


WINSMITH 
SPEED REDUCERS 


The all-new “C” Line Speed Reducers by Winsmith offer a host of 
improved features that simplify your design problems and result in 
improved performance for your equipment. 


By achieving greater horsepower and torque output in less space 
“C” Line Speed Reducers allow you to specify smaller units to meet 


output requirements. 


And, this new line furthers the reputation of your equipment thru 
more rugged performance and dependability. 


“C” Line Speed Reducers are avail- 
able for immediate shipment in 5 
sizes within the 1/100 to 5 hp range 
in a ratio range of 5:1 to 77:1. These 
5 sizes are available in each of the 
models illustrated above. Nine addi- 
tional sizes available soon. For com- 
plete design data on these first 5 sizes 
request Bulletin CHW -654. Watch for 
details on our new catalog on the 
complete “C” line. 


WINSMITH, INC. 
16 Elton St. 


pringville, (Erie County) N. Y. 


These features mean 
improved performance 


INCREASED RATED HORSEPOWER 
AND TORQUE OUTPUT 

Diameters have been increased on 
both the input and output shafts to 
handle greater loads. Equipped with 
gears, bearings and shafts rated in 
accordance with AGMA specifications. 


INCREASED OVERHUNG 

LOAD CAPACITY 

Larger, stronger shafts equipped 
with tapered roller bearings to pro- 
vide greater capacity and ruggedness. 


LONG SERVICE ASSURED 

Special nickel phosphor bronze used 
exclusively in Winsmith Speed 
Reducers has greater nickel content 
than bronzes commonly used for gears. 
It has the greatest strength of all the 
phosphor bronzes. 

ECONOMY 

Compare the greater value per horse- 
power dollar of Winsmith “C” Line 
Speed Reducers with competitive 
lines. 








New Parts 





minute at 1500 psi. Moving parts 
of motor are precision ground 
hardened steel. Made by Racine 
Hydraulics & Machinery Inc., 2000 


Albert St., Racine, Wis. 
For more data circle MD-95, Page 229 


Molded Plastic Valve 


Molded in rigid form, Luncor 
polyvinyl chloride valve is suitable 
for pressures up to 125 psi and 
temperatures up to 150 F. It re- 
sists corrosive action of most indus- 
trial chemicals. Valve is presently 


available in Y-type globe design. 
Also available is complete line of 
fittings made of same material, in- 
cluding caps, couplings, plugs, 
unions, reducing bushings, flanges, 
45 and 90-deg elbows, and tees. 
Made by Lunkenheimer Co., P. O. 
Box 360, Annex Station, Cincin- 


nati 14, O. 
For more data circle MD-96, Page 229 


O-Rings and Packing 


Resistance to chemical attack 
and high temperatures, plus ex- 
tremely low coefficient of friction 
are characteristics combined in 
Korda Teflon O-rings and packings. 
They will not contaminate, taste, 
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GENERAL @B ELECTRIC 
PROCESS TIMER 





NEW G-E TIME 





Cuts Process Timing-equipment Costs 


The new General Electric TSA-18 
| process timer, available in single- 
and double-circuit models, reduces 
your need for expensive, custom- 
built timing equipment. Its adapt- 
ability enables it to meet, with 
precise and dependable operation, 
the majority of your timing-equip- 
ment requirements. 


THREE TYPES OF CONTROL are 
available in the TSA-18. At no 
extra cost this new process timer is 
Capable of being connected for 
Manual start and reset, automatic 
reset, and automatic reset and re- 
Peat operations. 

ADJUSTABLE ‘‘ON’’-"‘OFF’’ TIME 
setting is provided in this new 
timer. The TSA-18 will begin and 
end a process at any specified 


time. Load circuits can be easily 
adjusted to close or open at any 
point within this cycle. This feature 
enables you to reduce the multiple 
number of timers usually required 
to perform these timing operations, 


HEAVY-DUTY CONSTRUCTION of 
the TSA-18 reduces maintenance 
and repair costs and provides long 
life. Nylon gears, permanently lubri- 
cated Telechron* motor, hardened 
steel parts, and 1/16-inch solid 
silver-face contacts contribute to 
the new timer’s long life. 


FOR MORE INFORMATION call your 
nearest General Electric Apparatus 
Sales Office, or write for Bulletin 
GEC-1223 to Section 603-179, 
General Electric Co., Schenectady 
5, New York. 


*Registered trade-mark, General Electric Co, 


Progress /s Our Most /mportant Product 





GENERAL @@ ELECTRIC 


3 OPERATIONS IN 1 TIMER 


ey & 
oo 


MANUAL OPERATION 
Timer is started and reset man- 
ually from an external switch. 
Two adjustable load circuits inde- 
pendent of each other are availa- 
ble with this type of operation. 



















(i) 
oe 


SEMI-AUTOMATIC OPERATION 
Timer is started from external 
switch. Circuit “‘A” resets time 
at the end of the adjustable 
cycle. Circuit “B” opens and 
closes load circuit within the cycle. 

























eo © 
oe & 


AUTOMATIC OPERATION 
Circuit ‘‘A” starts and repeats the 
cycle for continuous operation. Cir- 
cuit ““B’”’ opens and closes load cir- 
cuit at any point within the cycle. 











GLAZING 
STRIP 


Noise-killing 


It’s easy to kill noise and damp vibration with Arm- 
strong DK-153 Tape. This resilient cork-and-sponged 
rubber material absorbs noise-producing motion be- 
tween adjacent parts. Pressure-sensitive adhesive back- 
ing speeds installation in factory or field. Just peel off 
protective cloth and press tape into place. 


Armstrong DK-153 comes in tapes, rolls, sheets, and 
die-cut shapes in a wide selection of widths and thick- 
nesses. For samples, write on your letterhead to Arm- 
strong Cork Company, Industrial Division, 7302 Dean 
Street, Lancaster, Penna. Available for export. 


PROTECTIVE 
BACKING 


RESILIENT Bit Tae TACKY 
CORK-AND-RUBBER ADHESIVE 


(Aymstrong DK-153 TAPE 
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odor or coloring of foods, drugs or 
high purity chemicals. When these 
O-rings are under compression, 
total load is distributed over a very 
small area, resulting in high seal- 
ing pressure. When engineered into 
equipment, the O-rings can seal 
effectively in both static and dy- 
namic applications. Series 6227 O- 
ring packing and series 6230 gas- 
kets are equivalent to AN sizes 
and tolerances. Over 140 sizes are 
available from %%-in. ID to 11 in. 
OD. Made by Chicago Gasket Co., 


1271 W. North Ave., Chicago 22, Ill. 
For more data circle MD-97, Page 229 


Subminiature Motors 


Type SC motors, measuring 
1 1/16-in. in diameter, operate at 
either 400 or 60 cycles ac. They 
can be wound for single, two or 
three-phase and can be furnished 


Coty | 





wal 


as induction or hysteresis types. 
Characteristics can be modified to 
cover a wide range of application 
requirements. Motor can be fur- 
nished with a concentric spur gear 
reducer. Made by Globe Industries 
Inc., 1784 Stanley Ave., Dayton 4. 
Ohio. 
For more data circle MD-98, Page 229 


Nylon-Lined Bearing 


Sleeve type Nylacore bearing is 
composed of a metal shell into 
which a lining or core of nylon 
about 0.005-in. thick is molded and 
rigidly anchored to the outer shell. 
Tolerances are held as closely as 
+0.0002-in. for bore, length, out- 
side diameter and concentricity. Or- 
dinarily no lubrication is required, 
but such liquids as oil, water, milk 
and gasoline can be used when nec- 
essary. Best bearing life is achieved 
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if operating temperatures do not 
exceed 75 to 100 F over room tem- 
perature. Over 230 F a lubricant 
should be provided, while tempera- 
tures as low as —100 F require 
no lubrication. Bearings may be 


made with nylon thrust facings, oil 
seal and dust ring on one end, one 
end closed, as an integral part of 
the bearing, or in any combination 
of these types. Size ranges from as 
small as 1/32-in. to as large as is 
practical. Made by Nylacore Corp., 
Dept. A-1, 305 E. Shore Rd., Great 
Neck, L. L, N. Y. 


For more data circle MD-99, Page 229 


Time Delay Relays 


Motor-driven precision adjust- 
able time delay relays are supplied 
in 2.2-in. diameter housings which 
are 4.25 in. long. Large calibrated 
dials with positive detents facili- 
tate rapid and accurate adjust- 
ment. Accuracy of time delay 
function over the calibrated range 


of adjustment is +0.1-second or 
+1 per cent of the setting, which- 
ever is greater, over a voltage 
range of 24 to 29 v de. Sturdy 
construction of relay assures op- 
eration under severe conditions of 
vibration, shock and sustained ac- 
celeration. Standard _ electrical 
(Continued on Page 266) 
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for a perfect 
match of 


Machinery 


and 
Power... 






























Specify 


NORDBERG POWER CHIEF ENGINES! 


Why compromise the efficiency of your product to utilize a stock 
engine when you can get more efficient design with engines built 
to match your exact requirements? 

In the range of 10 to 45 horsepower, or 6 to 30 kilowatts, 
Nordberg POWER CHIEF Diesel Engines can be furnished as 
both stock engines and as “engineered power packages” with any 
type of drive, generator, or special equipment you need to assure 
complete integration of machine and power plant. 

Add Nordberg engineering “know-how” to your own to add 
maximum efficiency and dependable, low cost operation of your 
product. Mail coupon for further information. 






















NORDBERG POWER CHIEF GAS ENGINES 


Nordberg POWER CHIEF Spark-Fired Gas 
Engines provide up to 18 hp, stub shaft or 
clutch power take-off; and up to 10 kw as 
“packaged” generator sets. Presently avail- 
able only as single cylinder units, with 4¥2” 
bore x 514” stroke. 













© 1955, Nordberg Mfg. Co. 


NORDBERG MFG. CO., Milwaukee, Wisconsin 
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Nordberg Mfg. Co., Milwaukee, Wis. 
Please send full details on Nordberg POWER CHIEF 


(CD Diesel Engines C) Spark-Fired Gas Engines 
(Check one or both) 











MAIL iti 
COUPON 
Company 
FOR DATA vai 
City Zone State 
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A wide variety of quick- 
change, front-mounted 


interlocks adds flexibility 
applications. 


for special 
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Packaged replace- 
ment contacts are 
easily installe 

without disturbing 







Screwdriver is © 
red for quick change of 


magnet coil to accomm 





nly tool 


different voltages: 





A wide variety of 

easily selected, 

packaged overload 
relay heater units 
provides quic 
changes to meet va- 
rying requirements 
for overload pro- 
tection- 
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SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


een 


with a heart 


Ford Instrument Company engineers draw on the entire scope of scientific 
knowledge to solve each problem. In a recent project, Ford found good use for 
components it developed a score of years ago to produce a mechanical memory 
system whose accuracy is independent of the time interval, and which meets a 
military requirement of absolute reliability. 

















In an instrument in which the input quantities may vary with time, it is desired to 
produce an output equal to the change in one quantity A since the time t,, added 
to the value that a second quantity B had at time t,. At the same time it is desired 
to store another output equal to the change in quantity A since a second time to, 
added to the value that the quantity B had at that time t.. It is further desired at any 
subsequent time to be able to read the first output or alternately the second output. 

The storing of this information is accomplished by closing clutch C at instant 
1 and clutch D at instant 2. The first output is then read directly at any subsequent 
time and the alternate output by opening clutch C. To recycle — clutch D is then 
opened. 

Whatever problems must be solved in designing and manufacturing computers 
and controls, skills in electronics, magnetics, hydraulics and mechanical and elec- 
trical techniques are called upon by Ford engineers to develop the best instruments 
for the purpose. 

If you have a problem in control engineering, Ford Instrument Company’s forty 
years of experience in high precision design and production will help you find 
the answer. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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(Continued from Page 263) 


connection is to screw terminals; 
solder type terminals can also be 
supplied. A flange is provided for 
panel mounting with the dial on 
the front of the panel. Made by 
A. W. Haydon Co., 221 W. Elm 


St., Waterbury 32, Conn. 
For more data circle MD-100, Page 229 


Pipe Thread Fitting 


SFG connector, with a swivel 
nut on one end and male pipe 
thread on the other, permits in- 
stallation where direct mounting 
of the male pipe thread hose fit- 
ting would result in twisting of the 
hose. Male end of the connector 


has Dryseal pipe threads. The 
swivel nut has straight threads to 
screw onto the Hoze-lok fitting, 
which is specially chamfered to 
provide a metal-to-metal seating, 
assuring leakproof connection. 
Sizes available range from ¥% to 
2 in. pipe thread. Made by Tube 
& Hose Fittings Div., Parker Ap- 
pliance Co., 17325 Euclid Ave., 
Cleveland 12, O. 


For more data circle MD-101, Page 229 


Cartridge Thermostat 


Expansion of the outer shell of 
model FM-132 metal thermostat is 
not necessary to make and break 
contacts. Thus, mechanical clamp- 
ing of the cartridge does not affect 
the set calibration. Although high- 
ly sensitive, the thermostat oper- 
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How Hy-Loads can help you 


LICK LATERAL 
SHAFT EXPANSION! 













Meet HY POTENUSE, 
the sage of the 

slide rule! Hy’s a quaint old- 
timer, but a good man to know. He 
wields a mighty mean “slipstick,” and he 
knows his bearings even better than his 
decimal equivalents. He'll be here regu- 
larly from now on to give you a chuckle 
and some helpful hints. Watch for him! 












HY SAYS: 
YOUR Ever stumped by a spot where the shaft heats up 

and expands laterally—say in an electric motor? You 

COMPLETE LINE know what happens with laterally locked 
bearings—you get cramping, misalignment, 
OF trouble with a capital T! 
CYLINDRICAL But a HYATT Cylindrical Roller Bearing solves 
‘ all those problems so simply! It allows the shaft to 

ROLLER float horizontally —‘‘free lateral,”’ we call it— 

and automatically compensates for expansion 
BEARINGS without changing the bearing centers. If you haven’t 






a HYATT catalog handy, better send for yours 
right now. It’ll show you exactly which bearing 
to use where, and help you find the right ‘ 
answers to a lot of pesky bearing problems. 
Remember, you can’t go awry when you specify— 


W AA Uf wouse ccanincs 















STRAIGHT () BARREL () ) 
HYATT BEARINGS DIVISION e GENERAL MOTORS CORPORATION 


e HARRISON, NEW JERSEY 
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NORGREN MICRO-FOG 
LUBRICATORS FOR 
AIR TOOLS AND CYLINDERS 





SIMPLIFY YOUR 


DESIGN PROBLEMS 





variable vane feature provides greater flexibility 


@ meet a broader range of operating conditions 
®@ each can handle jobs now done by several sizes of 
lubricators 
A simple adjustment inside the dome provides a wide range of air 
flow for varying conditions or different applications. For example, at 
80 psi the %” size can be set for a flow range of 5 to 9 cfm, a high 
range of 50 to 100 cfm, or any intermediate range desired. 
The new line includes 20 models. Flow capacities: 4%”, 5 to 40 
cfm; %” & 2", 5 to 100 cfm; %” & 1”, 5 to 250 cfm. Oil capacities: 
transparent bowl, % pt.; tank type, 1% gal. and 4% gal. 


distinctive Norgren features 


SECTION 
A-A 


1. VARIABLE VANE VENTURI 
View showing Index Marks “A” 
and “B” for Position of Rotatable 
Vane Type Venturi Plug. 


. 360° visibility 
of the oil feed 

















3. Oil feed 
controlled by 
auxiliary air 








circuit... gives 
an accurate and 
uniform rate 

of oil feed. 


Pita Constant oil 


level... rate of 


=ot 
“es 




















© 300° visibility 


of oil supply. 








oil feed not 
affected by oil 
supply. 





6. Ability to produce a very fine oil fog and de- 
liver it over long distances, through complex 
piping systems, and obtain equal distribution to 
multiple lubrication points. 


FOR DETAILS WRITE 7 co. 
FOR FORM 496 


3442 So. Elati, Englewood, Colo 











New Parts 





ates accurately under severe indus- 
trial conditions. Operating ranges 
available are 0 to 600 F. Unit is 
rated at 1200 w, 115 or 230 v ac 
noninductive load. Completely 
sealed assembly prevents contam- 
ination of parts. Calibration is un- 
affected by vibration. Contacts can 
be normally open or normally 
closed; outer shell can be brass, 
stainless steel or special alloy to 
meet requirements. Made by 
George Ulanet Co., 418 Market St.. 
Newark 5, N. J. 


For more data circle MD-102, Page 229 


High-Pressure Seal 


Connealy seal for hydraulic and 
pneumatic applications fits into a 
standard groove having the recom- 
mended width to accommodate ap 
O-ring and two back-up rings. 
Sealing is effected by interference 








at low pressures, but at high pres- 
sures a lip type of seal develops as 
a result of pressure distortion of 
the seal. Recommended for difficult 
high-pressure application, this seal] 
eliminates spiral failures and mini- 
mizes seal wear and extrusion. 
Made by Sili-Craft Rubber Corp., 


1700 W. 135th St., Gardena, Calif. 
For more data circle MD-103, Page 229 


Telephone Type Relay 


SQ series miniature, single-coil 
telephone-type relay is available in 
1 to 5-amp contact ratings and in 
contact combinations from one to 
six-pole, single or double-throw. 
Relay offers a maximum sensitiv- 
ity of 15 milliwatts per pole in the 
double-pole, double-throw combina- 
tion, this being an optimum com- 
bination which withstands 10 g 
vibration from 10 to 500 cycles. 
Beryllium-copper armature retain- 
ing spring provides positive contact 
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HOW Lrg 
CAN SIMPLIFY DESIGN 


SY” OF MACHINE TOOLS 


and provide many profitable advantages for users 





FOR EXAMPLE 


A-P CONTROLS CORP. 


installed Spray-Lube on 
fapping machine... 


@ increased tap life 


ee on mmm 


@ increased tapping speed 


@ eliminated problem of chips 
plugging coolant lines 


@ eliminated messy condition 
of splashing coolant 


FOR COMPLETE DETAILS 
WRITE FOR 


Machine taps 12 holes of various sizes simultaneously. 


Norgren Spray-Lube System includes 5 gal. tank, 12 NORGREN BLUEPRINT No. SL-4 


mixing valves and spray nozzles. Air and liquid line 


pressures are 42 psi and 44 psi, respectively. 


OIL FOG LUBRICATORS ¢ PRESSURE REGULATORS > Ra 
3442 So. Elati, Englewood, Colo. 
AIR FILTERS ¢ VALVES ¢ HOSE ASSEMBLIES 
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CALIDYNE’S new 
12,500 pound force 
INTEGRATED 

SHAKER 

SYSTEM 


a- A) 
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A POWERFUL INTEGRATED SYSTEM 
Calidyne’s new 12,500 pound force shaker system is an achieve- 
ment in magnitude of force-output and over-all system per- 

formance, available in no other vibration testing system. With it youcan now 

meet vibration test specifications with loads far heavier than ever before. It 
also opens new research and product-testing possibilities to commercial 
manufacturers. 

FULL PERFORMANCE OPERATION OVER A WIDE RANGE 
Uninterrupted, full rated performance over the 5 to 500 cps range without 
alternator switching or power factor correction results from a new rotary 
power supply design, which incorporates two identical alternators series- 
comneetel with provision for shifting phase between the two outputs. A new 
ring-type shaker armature suspension assures pure linear, sinusoidal motion 
of the armature system, rather than motion along an arc found in conven- 
tional shakers. Useful load is also greater, due to the high force output and 
light weight armature: 10g with 1000 lb. load, 20g with 375 Ib. load. 


EXCEPTIONAL STABILITY AND SIMPLIFIED CONTROL 

Amplidyne servo controls hold a set frequency of 500 cps to +1 cps, and dis- 
placement or acceleration level to +3%. The automatic cycling system 
further provides automatic changeover from constant displacement to con- 
stant acceleration at any preselected point, such as required for conformance 
to MIL-E-5272A. The new power supply design also permits direct connec- 
tion of alternators to shaker armature. This eliminates control and switch 
gear, attendant maintenance and inconvenience. 


Complete specifications and details on the Model 82 Shaker 
and Associated System available on request 





























THE 


CALIDYNE 


COMPANY 
120 CROSS STREET, WINCHESTER, MASSACHUSETTS 














SALES REPRESENTATIVES NORTHERN NEW YORK CHICAGO, KLUNOIS SAN FRANCISCO, CALF. 
WALTHAM, MASS. Technicol Services Co., Boston Hugh Marslond & Co. G. 8. Miller 
Sobers : Me Inc e Capitel 7.9797 Ambassodor 2.1555 lytell 3.3438 
‘attham $6 LEVELAND, OHIO ALBUQUERQUE, NEW MEXIC 
NeW HAVEN, CONN MP Odell Co DENTON, BONA © 8. Miler Co, “ 
Robert A. Woters, inc. Prospect 1.6171 Glendale 3803 . Albuquerque 5-8606 
Fulton 7-6760 DAYTON, OHIO SEATTLE, WASH. 
NEW YORK CITY AREA M. P. Odell Co. MINNEAPOUS, MINN. G. B. Miller Co. 
G. C. Engel & Associotes Oregon 444) Marslond & Co. lender 3320 
Rector 2.009! WASHINGTON, 0. C. Colfax 7949 CANADA 
MOGEWOOD, NEW JERSEY F. &. Jodon, inc DALUAS, TEXAS Measurement Engineering Ltd. 
G. C. Engel & Associotes Woodley 6.2615 John A. Green Co. Arnprior, Ont. Phone 
Gilbert 4.0878 SOUTHEAST Dixon 9918 Export 
PHILADELPHIA, PA. W. A. Brown & Assoc. HOUYWOOD, CALIFORNIA Rocke International Corp. 
G. C. Engel & Associotes Alexondrio, Vo. G. 8. Miller Co 13 Eost 40th St, N.Y. 16, N.Y, 
Chestnut Hill 86-0872 Overlook 3-6100 Hollywood 9.6305 Murray Hill 9.0200 








New Parts 








between armature and pivot point 
at all times. Cross-bar palladium 
type contacts are always properly 
aligned. A long nylon bobbin, rigid- 
ly fastened to the frame and core 
assemuly by means of a snap ring, 
permits the selection of many types 
of wire insulation and also permits 
winding of any type of coil, includ- 
ing multiple and matched windings. 
Unit is insulated with silicone glass, 
Kel-F or Teflon tubing. Movable 
blades are actuated by ceramic 
bumpers; nylon or linen-base Bake- 
lite bumpers are optional. Relay 
measures 1 x 3%, x 19/16 in. Double 
pole, double-throw units are avail- 
able in a solder-terminal or plug-in 
type sealed container measuring 1 
x 1 x 2 in. Made by Advance Elec- 
tric & Relay Co., 2435 N. Naomi 


St., Burbank, Calif. 
For more data circle MD-104, Page 229 


Variable-Speed Transmission 


CUB B variable-speed transmis- 
sion, designed for applications in 
the 14 to 1-hp range, uses standard 
B-section V-belts. Transmission 
consists of double variable pulleys 
on a countershaft which can be 
pivoted laterally between the drive 
and driven pulleys. This change in 
center distances adjusts the vari- 
able pulleys to new running diam- 
eters. Speeds selected are main- 
tained by a handle and locking 
knob. Pulleys are machined cast 





a“ 
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New Parts 





iron and operate on precision ball 
bearings. Smooth-sided rather than 
interlocking, both pulleys are on 
the same side of the mounting 
frame. The 5-in. pulleys provide 
a speed range of 3:1 with B-sec- 
tion belts. Overall dimensions of the 
unit are 8 x 8 x 10 in. high. Made 
by Standard Transmission Equip- 
ment Co., 70 W. Union St., Pasa- 
dena 1, Calif. 


For more data circle MD-105, Page 229 


Small Socket Screws 


Complete line of socket head 
capscrews and setscrews in sizes 
from No. 4 (0.112-in.) down to No. 
0 (0.060-in.) are now available in 
both 18-8 stainless steel and heat- 
treated alloy steel. Either hex sock- 
et or multiple spline sockets can be 
obtained, as well as variety of 








¥ 





a” 


f 
shania X ee? | 


lengths and threads. Line includes 
hex socket flat head capscrews, 
pipe plugs and stripper bolts, in ad- 
dition to capscrews and setscrews 
with cone, flat, oval, half-dog, or 
cup points. Made by Bristol Co., 
Socket Screw Div., Waterbury 20, 


Conn. 
For more data circle MD-106, Page 229 


int 


Laminated Pipe 


Fluoroflex-T laminated pipe for 
light-duty use in low-pressure and 
gravity-feed systems can be used 
at pressures up to 50 psi. Made 
of laminated fluorocarbon resins 
and glass fabric, it handles cor- 
rosive liquids at temperatures to 
500 F. Pipe is made in lengths up 
to 12 ft and diameters of 1, 1% 

(Continued on Page 276) 
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PTM looks like a film and 
prints like a film—no other 
medium in its price range 
can approach its trans- 
parency! For greater con- 
trast and finer prints, your 


wisest choice is PTM. 


[ oeneelieneatineetienettanntiametimdtamatinntaastamteede} 





has all three! 


tracing medium 
has all three? 





PTM has unusual density 
to resist atmospheric 
changes. It is the most 
direction. Erasures leave stable of all tracing papers; 


PTM has a flawless, vel- 
vety mat surface with com- 
plete uniformity in every 


a reliable medium for de- 
pendable, close-tolerance 
drawings! 


no ghosts. The glossy back 
resists dust —keeps your 
drawings clean! 





Send the coupon today for free sample and fact file 


*Patent No. 2413764 








FREDERICK 


POST 
COMPANY 


Frederick Post Company - 
3652 N. Avondale Ave. | 
Chicago 18, Ill. | 
Gentlemen: | 
At no obligation to me, please send the ““PTM Fact File” | 





with a sample sheet of PTM and price information on various | 
sized rolls and sheets. 
Pe ee ee ee ee er er eee ere ere | 
DL iid ahi dk nek eS End ra ekea hen ehh eee eee ; 
NA ae oe Zone...... asec. ss | 
Milwaukee ¢ Detroit « Houston « Los Angeles « Englewood I 
273 











Cutting knife enters the slot visible in these knife assemblies. Springs maintain pressure on the paper during cut. 


ORT TT EE a —_ 
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§ Here is a giant multicolor magazine press in action, 
Paper is cut 640 times per minute. 
Press speed: 1200 feet per minute. 


4 





@ 74% of the world’s daily newspapers are printed 
on Goss equipment. Some of the presses are nearly 
a city block long—giant, roaring machines that 
gobble up newsprint at the rate of 1200 to 2000 
feet per minute. Many of the largest magazines 
also are printed on Goss presses, which run up to 
1200 feet per minute. 

At one end of the press is the cutting cylinder, 
where the paper is cut ‘‘on the run.” 640 times a 
minute, the sharp steel knife snaps in and out be- 
tween two spring loaded fibre “‘cushions”’ that hold 
the paper against the cutting cylinder. When the 
xnife retracts, the springs push the cushions back 


says Goss Printing Press Company, world's largest manufacturer 
of newspaper, magazine and rotogravure presses 


out of the way. 

According to Mr. William Zimmer, Asst. Chief 
Engineer, “Inferior springs would fail, jam the cut- 
ting cylinders, wedge the folding mechanism, and 
cause severe damage. I don’t think that a spring 
could have a tougher job; but we’ve been using 
American Quality Springs for 20 years with excel- 
lent results.” 

American Quality Springs are available in any 
size, any quantity, any steel, style or finish— 
including flat wire and special shapes. Just get in 
touch with your American Steel & Wire repre- 
sentative. 

















AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS + TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


| liss American Quality Springs¢> 
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by FELTERS 
= Will do it... 


Filters 

Auto parts 
Washers 

Noise dampeners 
Wicks 

Packings 

Liners 

Electrical appliances 
Aircraft parts 
Shock absorbers 
Vibration controls 








(Your product goes here) 


Resiliency that permits constant 
spring-back to original shape . . . and 

good absorptive characteristics . . . are just 
two of the many properties you can get in 
Felt made by Felters. 

If you have a problem that could be solved 
by a soft, porous material, or by a hard, dense 
material — your answer could well be a 
Felt made by Felters. 

The “‘Felters Design Book” describes several 
usual and unusual uses for Felt. Drop us a 
line and we will send you a copy. 


HEARD ABOUT UNISORB® — THE MODERN MACHINERY MOUNTING? 


The FELTERS Company 


218 South Street, Boston 11, Mass. 





New Parts 


(Continued from Page 273) 


and 2 in. Made by Resistoflex 
Corp., 39 Plansoen St., Belleville 9, 
N. J. 


For more data circle MD-107, Page 229 





Centrifugal Pumps 


Impeller and shaft assembly is 
only moving part in these centrifu- 
gal pumps, which are available in 
%, % and i-in. discharge pipe 
sizes. Type H bronze and type C 











all-iron pumps have sealed ball 
bearings and semi-open type impel- 
ler which permits pumping mate- 
rial containing solids. Made by 
E. L. Price Pump Co., P. O. Box 
357, Sonoma, Calif. 


For more data circle MD-108, Page 229 


Taper Pins 


Threaded-end taper pins can be 
used as locating or aligning pins 
or for mounting units which are 
occasionally removed or replaced. 
Pins can be used to align motors, 
pumps or blowers to solid bases, or 
for aligning component parts of 
machinery. They will meet any 
dowel pin or taper pin application 
involving a blind hole. By turn- 


+ ee ee 
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#1IC IMPERIAL =1100 #1109 


tw & 


1/45 to 1/30 H.P. 1/40 to 1/12 H.P. 1/75 to 1/20 H.P. 1/15 to 1/8 H.P. 1/40 to 1/20 H.P. 1/16 to 1/8 H.P. 


Z1IA 


— oe 


UNIVERSAL 


AND D.C. 
MOTORS 





THE MOST COMPLETE LINE OF 


#1112 100 #106 #200 #512 =600 700 


r & © @ 


1/12 to 1/6 HP. 1/50 to 1/13 H.P.. 1/35 to 1/10 H.P., 1/200 to 1/75 H.P. 1/20 to 1/10 HP. 1/40 to 1/20 H.P: 1/8 to 1/2 HP. 








FRACTIONAL HORSEPOWER MOTORS 


SHADED 
POLE 
MOTORS 








1/2000 to 1/4500 H.P. 1/200 to 1/80 H.P. 1/200 to 1/80 H.P. 1/200 to 1/80 H.P. 1/30 te 1/70 'H.P. 


IN THE ENTIRE INDUSTRY... 





INDUCTION 


MOTORS 





* 


1/25 to 1/15 HP. 1/15 to 1/8 HP. SERVO MOTOR 1/300 to 1/1400 H.P. = 1/100 to 1/15 HP. 








Universal and Direct Current Motors 1/1000 to 1/2 H.P. cooperate with you in selecting the right motor 
@ Shaded Pole Motors 1/2000 to 1/8 H.P. for your application. 
@ Induction Motors 1/1400 to 1/4 H.P. 
@ Dynamotors ®@ Blowers ®@ Gear Motors Howard motors have been. used in more than 85,000 
applications over the past 20 years by the leading 
The motors illustrated on this page represent the versatility companies of America. 


of Howard fractional H.P. motors. Catalog pages are 
available on all motors illustrated as well as gear 
units, mounting bases and blowers. 


DEPT. MD-2 >» HOWARD INDUSTRIES, INC.+ RACINE, WIS. 


SALES OFFICES: 208 S. La Salle St., Chicago 4 + 942 S. La Brea Ave., Los Angeles 36 + Room 4822, Empire State Bldg., New York I 


DIVISIONS: (7p ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 


If you have a fractional H.P. motor application, check with 
Howard. Our engineering department will be glad to 
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EMS 


CAITICAL FASTENING PROG 
specify ay = 


specialized fastening devices 











High Temp, Self-locking, Stainless Steel Nuts—Free Spinning On, 
Lock... Unlock, Free Spinning Off —Reusable. 


OURA- soon 1200 DURA-LOC 1600 


temperatures up to 1200°F temperatures up to lt r 


High Temp, Stainless Steel Bolts and Screws for temperatures to 
1600°F. Special thread form minimizes galling and seizure—Reusable. 


FASCO SPACERS Lightweight 


‘Illustrated are a few of the many Delron Specialized Fastening Devices designed | 
‘to help solve your — fastening problems! | | 


| Clip this ad to your letterhead, ™“° 
| and mail for product data on 
| items checked: 


| © Fasteners to 1200°F. operation 
J [-] Fasteners to 1600°F. operation 
] Sandwich structure fastening 


Need data on 
a specific 
fastening problem? 

















New Parts 





ing nut, or by leverage, jacking 
action can be applied to remove 
pin from blind hole. Pins are fur- 
nished in any length or diameter, 
tapered 14-in. per foot and in vari- 
ous metals with turned or center- 
less ground finishes. Made by 
John Gillen Co. Inc., 2554 S. 50th 
Ave., Cicero 50, IIl. 


For more data circle MD-109, Page 229 


Process Timer 


Repeat cycle process timer that 
operates continuously to turn cir- 
cuits on and off for constant in- 
terval operation is now offered 
with percentage timing. Constant 
accuracy in repeated operation is 
provided by percentage selection, 








and strain on electrical compo- 
nents is reduced. Unit has a time 
cycle of from 15 seconds to 24 
hours, with a range of adjustabil- 
ity for on or off periods up to 94 
per cent. Timer has visible dial, 
snap-action switch with silver con- 
tacts, and a synchronous motor. 
It is 5 in. high, 3 in. wide, 3 in. 
deep. Made by Zenith Electric 
Co., Dept. MDC, 152 W. Walton 
St., Chicago 10, IIl. 


For more data circle MD-110, Page 229 


Tungsten Carbide Castings 


Precision tungsten carbide cast 
parts for applications involving se- 
vere abrasion or erosion are pro 
duced on a custom basis. Close tol- 
erances which are held permit us¢ 
of tungsten carbide castings fo 
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DESIGN ENGINEER 
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Designing a better “mouse-trap’—or a loco- 

motive—is fundamentally a mental process, 

the ability to think creatively. This is 

the basis of all successful design engineering. 
¢ Here, at Morganite, we deliberately let our 

imaginations soar, then bring them back 





to earth again with sound judgment and 
thorough analysis. Following this practice we 











have uncovered many practical uses for 
carbon-graphite, aiding in the design of highly 
efficient, economical industrial equip- 
ment and household appliances. 

® Carbon-graphite is an inert material 
resistant to most acids, unaffected by 

¢ changing temperatures. It is light in weight 

and will retain it’s strength and hardness 
under extreme temperature conditions. 
It is self-lubricating, an excellent material 
for bearings, seals, valves, piston rings, 
pump vanes and a host of other parts. 

® We will welcome an opportunity to work with 
you. Perhaps together we can solve 
the “unsolvable.” Simply write us, stating 
your problem. Our technical staff will 
take it from there. 





INCORPORATED 


MORGANITE INCORPORATED * 3302-3320 48TH AVENUE * LONG ISLAND CITY 1, NEW YORK 
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The day-in, day-out 
excellence, the qual- 
ity which is standard 
in every Curtis 
Universal Joint, has 
made the Curtis Joint the quality stand- 
ard of the industry. 

Each Curtis Universal Joint compo- 
ment is made from specially selected 
steel, individually heat-treated for a 
specific purpose. This accounts for the 
long life and dependable performance 
of Curtis Universal Joints. 


CURTIS UNIVERSAL JOINTS 


@ 14 sizes always in stock 
@ Fewer parts, simpler construction 
@ Complete equipment for government tests 


Our catalog torque and load ratings are sub- 
stantiated by constant tests. You can depend 
on them. 



















Not sold through distributors. Write direct 
for free engineering data and price list. 


TRADE 
€ CURTIS 
MARK 


UNIVERSAL JOINT CO., INC. 


5 BIRNIE AVENUE, SPRINGFIELD, MASS. 










As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 


Automatic Bleeding Valve 









New Parts and Materials 








parts such as needle valve points 
for adjustable chokes, as well as 
valves and seats in a wide variety 
of sizes and styles. Corrosion re- 
sistant alloys are available. Made 
by Carbide Mfg. Co., P. O. Box 


13125, Houston, Tex. 
For more data circle MD-111, Page 229 


For use in all types of hydraulic 
systems, automatic self-bleeding 
valve constantly and automatical- 
ly bleeds air out of the system 
while it is in operation. Manual 
bleeding is not necessary, either 
at the time of installation or 





throughout the working life of 
the system. Valves are connected 
adjacent to the entrance ports of 
the hydraulic cylinders. Two 
valves are required for every 
double-acting cylinder and one for 
a single-acting cylinder. Only one 
is needed, however, for the entire 
system on hydraulic brakes. 
Valves are made for all standard 
size lines and for all pressure 
ranges. Made by Radial Metal 
Products Inc., 1044 Linwood St., 


Brooklyn 8, N. Y. 
For more data circle MD-112, Page 229 


Limit Switch 


Type DM heavy-duty machine 
limit switch has large wiring space 
and nylon-to-steel bearing sur- 
faces. Operating arm roller is also 








nylon. Heavy die-cast housing 
has an integral solid wall separat- 
ing mechanical and _ electrical 
mechanisms. Ample space is pro- 
vided for four No. 12 wires. In- 
sulated connectors may be used, 
but multi-level terminals are pro- 
vided to permit use of uninsulated 
pressure type connectors. The 
overtravel mechanism has two sets 
of double-concentric coil springs 






























which permit continuous 30-deg 
overtravel. Excessive overtravel 
is accommodated by slippage be- 
tween mating serrated disks. Con- 
servatively rated at 10 amp con- 
tinuous capacity up to 600 v ac or 
550 v dc, the switch is available 
with % or %-in. conduit connec- 
tions. A variety of front and re- 
verse-lever mounting arrange- 
ments can be made with six op- 
tional back cover plates. Eight 
types of operating levers are 
available, including four lengths of 
straight levers, and track type, 
planer type and shipper rod arms. 
Made by Clark Controller Co., 
1146 E. 152nd St., Cleveland 10, O. 


For more data circle MD-113, Page 229 


Laminated Strip 


The corrosion resistance of viny! 
plastic and the formability of met- 
al are combined in Marvibond lam- 
inated strip. Vinyl sheeting is 
bonded firmly to steel or alumi- 
num base metal. Available in 
various colors and in embossed or 
grained finishes, material is fur- 
nished with vinyl sheeting lam- 
inated to one or both sides or 
with the sheeting on one side and 
a baked-on finish on the other 
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side. It can be deep drawn, 
sheared, crimped, bent, embossed, 
drilled, roll formed and punched 
without damage to the coating or 
bond. The vinyl will not chip, 
crack, craze or flake off. Resistant 
to acids, alkalies, salt water, al- 
cohol and corrosive liquids and 
atmospheres, the material with- 
stands weather and humidity in- 
definitely. It remains dimension- 
ally stable up to 250 F and will 
not support combustion. Present 
maximum width of coil strip is 20 
in., but the material will soon be 
made 30 in. wide. Produced under 
license from United States Rub- 
ber Co. by Enamelstrip Corp., 


Allentown, Pa. 
For more data circle MD-114, Page 229 


Stroking Diaphragm 
Sensater frictionless stroking 


diaphragm is designed for use in 
high-pressure hydraulic or pneu- 
matic systems. Its U-shaped an- 
nulus rolls when diaphragm 
strokes. Used for weighing, ten- 
sion measuring, pressure trans- 


mission, controlling, and position- 
ing, unit has high strength and 





flexibility and low hysteresis. <A 
7-in. diaphragm can stroke 5%-in. 
and displace 23 cu in. of fluid. 
Under test, diaphragm completed 
250,000 cycles, stroking 5/16-in. 
at 500 to 600 psi, without sign of 
failure. Made by Martin-Decker 
Corp., 3431 Cherry Ave., Long 
Beach, Calif. 


For more data circle MD-115, Page 229 


Galvanized-Thread Conduit 


Hot-dip galvanized conduit is 
now available with galvanized 
threads in sizes ranging from 1% 
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| MARVEL Synclinal FILTERS 


—4 





Answers 


DESIGNERS S.O.S. 


For Dependable Protection on All 
Hydraulic and Low Pressure Systems 


LINE TYPE 
(Cutaway) 


Simple, Balanced Design . . . is the answer to the growing preference for MARVEL 
Synclinal FILTERS. Designers are specifying Marvel Synclinal Filters to assure mini- 
mum maintenance and maximum protection. Results show Marvel Synclinal Filters 
superiority in maintaining the greatest degree of cleanliness of liquids in all hydraulic 
and low pressure systems with minimum down-time. Furthermore, when filter servicing 
is necessary, Marvels can be easily disassembled, cleaned and reassembled by any 
workman in a matter of minutes. Line types operate in any position and may be ser- 
viced without disturbing pipe connections. 

Again and again, Marvel Synclinal Filters have demonstrated they meet all require- 
ments of the most exacting users, that today OVER 500 ORIGINAL EQUIPMENT 
MANUFACTURERS install Marvel Synclinal Filters as standard equipment! 





A SIZE FOR EVERY NEED 


Available for sump or line installation in 
capacities from 5 to 100 G.P.M. Greater 
capacities may be attained by multiple in- 
stallation (as described in catalog). Choice 
of monel mesh sizes range from coarse 30 
to fine 200. 


IMMEDIATE DELIVERY! 


As in the past, Marvel continues to offer 
IMMEDIATE DELIVERY. 







Catalogs 
containing 
complete data 
available 
on request 


Without obligation, 
Marvel Synclinal Filters, as fotlows:— 


EE Sel tod Cabins t, Sik ox Sanaa ah ais on 6 hod Gawe wwalbaend 


FILTERS FOR NON-FLAMMABLE 
HYDRAULIC FLUIDS 


Marvel's most recent development is a filter 
for the efficient filtration of all types of non- 
flammable hydraulic fluids. 


WATER FILTERS 


Both sump and line type filters have been 
adapted for use in all water filtering appli- 
cations. No changes have been made in the 
basic, balanced synclinal design. 


MARVEL ENGINEERING COMPANY 
625 W. 
Phones — Franklin 2-3530 and Franklin 2-4431 


Jackson Blvd., Chicago 6, Ill. 


please send me complete data on 


[] Catalog #106—For Hydraulic Oils, Coolants and 
Lubricants 


[] Catalog #300—For WATER 
[7 Data on filters for Non-flammable hydraulic fluids 


Name 
Title 
Company 
Address . 


State . 
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1. Increased Production. Pope Spindles speed up output be- 


cause they can take heavy cuts. 


2. increased Wheel Life because the shaft is rigidly sup- 
ported by bearings of ample size. 


3. Super Precision Bearings made to Pope specifications 


and used exclusively in Pope Spindles. 


4. Better Finished Ground Holes. Pope precision craftsman- 


ship assures work of the highest standard. 


5. Operating Time Saved. One motor pulley serves all 


spindles except in unusual applications. 


6. No Additional Lubrication is ever required. Thirty years 
of wide factory use has proven the ability of the Pope Sys- 
tem of Sealed-in Lubrication to prolong bearing life, reduce 


maintenance costs and provide cool operation. 


7. Dynamic Balance. Pope Spindles are dynamically bal- 
anced with all their rotating parts in full assembly to in- 


sure smooth running. 


POPE PRECISION INTERNAL GRINDING SPINDLES 
COME IN THE SIZES, SHAFT EXTENSIONS AND SPEEDS 
(UP TO 35,000 RPM) TO MEET YOUR EVERY NEED. 


ASK FOR NEW CATALOG No. 57-A 


No. 73 
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through 6 in. Hot-dip galvanizing 
treatment assures clean, rust-free 
threads on the zinc-coated con- 
duit. Made by Pittsburgh Stand- 
ard Conduit Co., 61 Bridge St., 
Pittsburgh 23, Pa. 


For more data circle MD-116, Page 229 


Stack Switch Assemblies 


Components of these stack 
switches are variable to meet in- 
dividual requirements. Spring 
length, thickness and material are 
specified by user, as are thickness 
and size of paper-base phenolic 
spacers. Contacts can be silver 
or welded cross-bar Palladium in 
3/32, %, 3/16 and \-in. diam- 
eters; tubing is hard _ rubber, 


Polystyrene or paper-base phenol- 
ic; and leaf insulators, punched in 
same shape as spring, are fish 
paper or paper-base phenolic. Lift- 
ers or pushers of 3/16-in. diam- 
eter fiber are available in various 
lengths; brackets also can be vari- 
ous lengths. Two roller bracket 
designs are offered for cam fol- 
lowers of nickel plated brass and 
other materials of various diam- 
eters. Mounting hardware can be 
varied to meet needs. Three typ- 
ical switches are illustrated. Made 
by Switchcraft Inc., 1328 N. Hal- 
sted St., Chicago 22, Ill. 


For more data circle MD-117, Page 229 


Vacuum Pump 


Every movement of the Rite- 
Way vacuum pump produces vac- 
uum. Suitable for various types 
of machinery, the pump has off- 
center core that moves a simple 
oscillator around the inner edge 
of the pump wall, constantly tak- 
ing in air from one side and dis- 
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Vac- 
uum is obtained immediately when 


charging it from the other. 


reciprocating rotor is_ started. 
Speed is variable from 560 to 2015 
rpm by changing or interchanging 
drive and driven pulleys. Volume 
of free air that can be moved with- 
in this speed range is 1 to 12 cfm. 
Pump is available with 1/3 or 
%-hp electric motor or 1144-hp 
gasoline engine. Moving parts are 
sealed in oil which is kept clean 
by magnetic drain plug. Made by 
Package Machinery Co., Spring- 
field, Mass. 


For more data circle MD-118, Page 229 


Miniature Panel Meters 


Two 11% in. sealed meters are 
designed for panel mounting. 
Model 152, left, for front or rear 
mounting, is sealed by an internal 
locknut between the instrument 
mounting flange and case barrel. 
The locknut compresses a heavy- 
duty gasket uniformly and con- 
centrically. Terminal studs are 
sealed similarly. Model 150, right, 
is made for one-hole mounting 
without conventional hardware. It 





has a Neoprene O-ring panel 
gasket which provides a positive 
water-tight seal. Terminal studs 
are sealed in the same manner. 
Accuracy of both instruments is 
within +-3 per cent of full scale. 
Housings are aluminum or steel. 
(Continued on Page 290) 
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SIMPLE, 





Pow coat housings suffice 


FOR 
BUNTING 
BEARINGS 


The size and weight of parts required to support 
a bearing sharply affect initial cost and 








production costs. Because the Bunting Bronze 


Bearing is much smaller in 


diameter than other 


types of bearings required for similar applications, 
the supporting parts are lighter and lower in cost. 


You can easily learn what economies can result from 
your use of Bunting Bronze Bearings. There is a Bunting 
engineer near you for consultation. Or write our 
Product Engineering Department at Toledo. 












THE BUNTING BRASS & B 
BRANCHES IN PRINCIPAL CITIES 





The weight of parts required 
to support a bearing varies 
directly as the square of the 
outside diameter of the bearing. 
The Bunting Bronze Bearing 
is much smaller in outside 
diameter than other types. 





unting. 


RONZE COMPANY, TOLEDO 1, OHIO 
¢ DISTRIBUTORS EVERYWHERE 
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This United States Rubber Company Chart | 


will help design engineers specify the proper diaphragm sheet packings 


This valuable chart shows at a glance the recommended working pressures 
of the most widely used diaphragm sheets. Crude rubber covers are recom- 
mended for water, air, steam and dry natural gases; Neoprene covers for 
mineral oils; Buna N covers for all services especially where diffusion is a 
problem. Send for your free enlarged reproduction. Write to address below. 


= r = RECOMMENDED WORKING PRESSURE OF DIAPHRAGM SHEET PACKING = 
DIAMETER OF APERTURE tit} Sas tates eset Sd es i 3a mag secs ies BER = 


+-4¥-+- Fe rams wal “1 


4 3 DIA. HEPES 4” DIA. 


= & DIA. ta 8 DIA. 


DIRECTIONS FOR READING CHART: 

EXAMPLE: FIND RECOMMENDED WORKING PRESSURE FOR 3-PLY 
STYLE #309 DIAPHRAGM SHEET ON 4” DIA. APERTURE. 
LOCATE 3-PLY POINT ON #309 CURVE AND MOVE DIRECTLY 
ACROSS TO THE 4” DIA. LINE. READ RECOMMENDED 
WORKING PRESSURE ON SCALE BELOW. 


RECOMMENDED WORKING cae se ; : . 
PRESSURE $+ SAFETY FACTOR -f- BSS - NUMBER OF PLIES 
P.S.1. . 4T01 OF FABRIC 


. NYLON-P-2902 (CrupE RuBBER) P-2903 (BUNA N) 
P-2904 (NEOPRENE) 


. COTTON-P-2139 (CRUDE RUBBER) P-2141 (NEOPRENE) 


NYLON-P-2339 (CRuDE RUBBER) P-2341 (BUNA N) 
P-2905 (NEOPRENE) 


. COTTON-#509 (CRUDE RUBBER) P-2133 (NEOPRENE) 
COTTON-#309 (CRUDE RUBBER) P-2135 (NEOPRENE) 


COTTON-P-2136 (CrRupE RUBBER) P-2138 (NEOPRENE) 
1516-F (CrupE RusBer) P-2335 (BuNA N) P-2901 (NEOPRENE) 


Hose « Belting « Expension Joints «+ Rubber-to-metal Products « Oil Field Specialties + Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 
Melded and Extruded Rubber and Plastic Products + Protective Linings and Coatings « Conductive Rubber « Adhesives « Roll Coverings « Mats and Matting 
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MECHANICAL GOODS DIVISION - 
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U.S. Duck Inserted 
Diaphragm Sheet Packing 


Style No. 309—crude rubber cover. General pur- 
pose packing, with medium-weight duck inserted 
between covers of high-grade rubber compound. For 
packing reducing valves and regulators of all types. 
Style No. 509—crude rubber cover. Recommended 
for reducing valves and regulators of all types. High 
tensile square-woven duck gives structural strength 
over entire area. Furnished 46” wide, 1/16” thick 
and up. 

Style No. P-2133—Neoprene cover. Impervious to 
action of cold oils and gasoline. High-quality medium- 
weight duck insertion. Furnished 46” wide, 1/16” 
thick and up. 

Style No. P-2135—Neoprene cover. Oil-resistant, 
with lightweight duck insertion. Furnished 46” wide, 
1/16” thick and up. 


U.S. Sheeting Inserted 
Supersensitive Diaphragm Packing 


Style No. 1516-F—crude rubber cover. Especially 
recommended for low-pressure conditions where 
supersensitiveness is essential or desirable. It has 
exceptional flexibility and is extremely sensitive and 
responsive to the slightest change in pressure. The 
bursting strength across a 2” circular opening in the 
| /32” thickness is about 45 pounds, and in the 1/16” 
thickness about 67 pounds, per square inch. Fur- 
nished in rolls of 100 and 200 pounds, 36” wide, in 
1/32”, 1/16”, 3/32”, 1/8” and 3/16” thickness. 
Style No. P-2136—crude rubber cover. Has sheet- 
ing insertion, in 36” width only, 1/32” thick and up. 
Style No. P-2138—Neoprene cover, with sheeting 
insertion, in 36” width only, 1/32” thick and up. 
Style No. P-2335 — Buna N cover with special 
sheeting insertion. 36” wide, 1/32” thick and up. 
Style No. P-2901—Neoprene cover with sheeting 
insertion, recommended for handling oils and sol- 
vents; 36” wide, 1/32” thick and up. 

Style No. P-2139—crude rubber cover with extra- 
heavy duck insertion, 1/8” thick and up. 

Style No. P-2141—Neoprene cover. Oil-resistant, 
with extra-heavy duck insertion, 1/8” thick and up. 


UNITED STATES RUBBER COMPANY 


ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hydraulic Diaphragm Sheet Packing by U.S. Rubber 





U.S. Nylon Inserted General 
Service Diaphragm Sheet Packings 


Style No. P-2902—crude rubber cover. General 
service diaphragm sheet; supplied in 40” widths 
of 1/16”, 1/8”, 3/16” and 1/4” thicknesses. 


Style No. P-2903—Buna N cover. General serv- 
ice diaphragm sheet. Supplied in 40” widths of 
1/16”, 1/8”, 3/16” and 1/4” thicknesses. 


Style No. P-2904—Neoprene cover. General 
service diaphragm sheet. Supplied in 40” widths 
of 1/16”, 1/8”. 3/16” and 1/4” thicknesses. 


U.S. Nylon Inserted Supersensitive 
Diaphragm Sheet Packings 


recommended for high pressures 


Style No. P-2339—crude rubber cover with 
supersensitive diaphragm sheet. Supplied in 36” 
widths in 1/32”, 1/16” and 1/8” thicknesses. 


Style No. P-2341—Buna N cover. Supersensi- 
tive diaphragm sheet; supplied in 36” widths of 
1/32”, 1/16” and 1/8” thicknesses. 


Style No. P-2905—Neoprene cover. Supersensi- 
tive diaphragm sheet; supplied in 36” widths of 
1/32”, 1/16” and 1/8” thicknesses. 


UNITED STATES RUBBER COMPANY 
manufactures a complete line of diaphragm 
sheets for a wide variety of hydraulic service 
conditions. U. S. Packings and engineering serv- 
ice are obtainable at any of the 27 “U.S.” District 
Sales offices or by writing address below. 


“U.S.” Research perfects it 
“U.S.” Production builds it 
U.S. Industry depends on it 














F 


et all of these 
Vs ADVANTAGES! 





fv MASS PRODUCTION 
ECONOMY -—Large or small, you get 
the benefits of high production rates 
and big volume output at FAIRFIELD 
—the place where fine gears are pro- 
duced to meet your specifications 
EFFICIENTLY, ECONOMICALLY! 


vj QUALITY PLUS—There is no finer 
recommendation for the quality of the 
product you sell than to be able to 
say that it is “EQUIPPED WITH 
FAIRFIELD GEARS!” 


[vj DEPENDABLE SOURCE 

OF SUPPLY—For more than thirty-five 
years, Fairfield has served as a depend- 
able, efficient supplier of precision- 
made, automotive type gears for leading 
builders of construction, agricultural, 
industrial, marine, and automotive 
equipment. 


vj COMPLETE PRODUCTION 

FACILITIES — Fairfield offers unexcel- 
led facilities in a new and ultra-modern 
plant for producing finest quality Spur, 
Herringbone, Spiral Bevel, Ground 
Tooth Spiral Bevel, Straight Bevel, 
Coniflex Bevel, Hypoid, Zerol, Worms 
and Worm Gears, Splined Shafts, and 
Differentials to your specifications. 


cd ENGINEERING SERVICE — 
Fairfield engineers are qualified to make 
expert recommendations on your gear 
production requirements. Take advan- 
tage of the service offered. Your inquiry 
will receive prompt attention. 


Fy 
AN 
if 
RR 
Fy 
if 
ES 
Ih, 
ID) 
G 
ES 
AN 
RR 
S 


FAIRFIELD 
MANUFACTURING CO. 


2307 South Concord Road @ Lofayette, Indiana 


SFine Gears Made to Order 


Send for a copy of this illustrated bulletin describing 
Fairfield’s facilities for making gears. 
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Zero-left scale is standard; zero- 
center and zero-right models are 
available from DeJur-Amsco Corp., 
45-01 Northern Blvd., Long Island 
City 1, N. Y. 


For more data circle MD-119, Page 229 


Toggle-Actuated Valve 


Bronze, aluminum, steel or stain- 
less steel body with Neoprene di- 
aphragm comprise this toggle-ac- 
tuated Demi valve. Bonnets can be 
furnished as shown or threaded on 
the outside for panel mounting. 
Toggle is hard chrome-plated, case 
hardened steel. Bonnets may be 


r 


| 
© 
* 


anodized in various colors for cod- 
ing purposes. Valves are 11% in. 
OD, 2 in. high. Currently used on 
up to 200 psi air, they have been 
tested on air up to 500 psi. Valve 
can be furnished in TV-3 model, 
which is a three-way valve with a 
vent to the atmosphere. Made by 
George W. Dahl Co., 430 High St., 
Bristol, R. I. 


For more data circle MD-120, Page 229 


Servo Gearmotor 


Weighing 414 oz and measuring 
14% in. in diameter and 2 17/64 in. 
long, this miniature continuous- 
duty gearmotor operates from an 
input of 115 v, two-phase, 400- 
cycle ac. No-load speed is 180 
rpm; full-load speed, 135 rpm. 
Gear reduction is 28.4. Various 
speed and torque combinations are 
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The shape of things to come... 





BRIDGEPORT ALUMINUM EXTRUSIONS 


Future-minded designers and 
manufacturers are looking more 
and more to extruded aluminum 
shapes for structural, architectural 
and industrial applications. 


And no wonder, for extrusions per- 
mit almost endless design possi- 
bilities. They’re also a real econ- 
omy potential, since they simplify 
production and eliminate ex- 








Every production step is subject fo strict quality 
control at Bridgeport Aluminum. This spectroscope 
detects alloy elements as low as 0.001 per cent. 


pensive machining and assembly 
operations. 


These advantages can work for 
you—either to improve your pres- 
ent product and lower its produc- 
tion costs, or in new applications 
and experimental work. 


In either case, you'll benefit by call- 
ing Bridgeport. Because we have 
our own integrated tooling and die 





This extrusion press—one of 16 at Bridgeport 
Aluminum—has a capacity of 5,500 tons. Any 
alloy now being extruded can be supplied. 


shops, the cost of custom designs is 
relatively low. Experienced pro- 
duction personnel and the very 
latest in quality control, testing, 
and research equipment assure 
highest quality extrusions pro- 
duced to aircraft standards. 

For more information on the profit- 
ability of using Bridgeport extru- 
sions or for technical assistance in 
solving your design problems, get 
in touch with Bridgeport. You'll 
find a sales office near you. 


nace 
BRIDGEPORT BRASS 
COMPANY 


ALUMINUM DIVISION 
BRIDGEPORT 2, CONN. 
Sales offices in Principal Cities 
Conveniently Located Warehouses 


Mills at Bridgeport, Conn., 
Indianapolis, Ind., and Adrian, Mich. 





BRIDGEPORT ALUMINUM 
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how J [2G packings help 
Rockwood fight fire 


five ways 


In Rockwood Sprinkler’s all-purpose 
nozzle, fire-fighters have a 

basic weapon for fighting fire with 
five different types of water action. 
From high-velocity water fog to 
solid foam streams, the floating ball 
in the nozzle body can be positioned 
to the desired action. 


A special dual-aperture packing, 
developed by IPC, seats and seals 
the ball instantly. Another unique 
problem... 
analysis of requirements, and 
their careful selection 

of packings material. 


Pneumatic or hydraulic problems 
are best solved by IPC packings, 
either standard or special types, 
in leather or synthetic rubber. 
An IPC engineer will help you 
determine the best material... 
the most effective design. 

Write today! 


— | — o 


1 PC serves industry with 
cup, flange, U and Vee packings, 
oil seals and custom pac wy, 


OsO® O 


Vee B Seals 





Cup Flange 


solved by IPC’s thorough 
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~~ 
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This IPC packing, used in the 
Rockwood nozzle, is made of Buna 
N rubber (90 Durometer) and can 
withstand pressures up to 300 psi. 


ACKINGS 


INTERNATIONAL 
PACKINGS CORPORATION 


A subsidiary of Graton & Knight Company 


Bristol, New Hampshire 
Pi 
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transmitted through precision-cut 
gears mounted in miniature pre- 
cision ball bearings. Modifications 
include hysteresis-synchronous and 
capacitor induction motors at vari- 
ous voltages and _ frequencies. 
Made by Eastern Air Devices Inc., 
385 Central Ave., Dover, N. H. 


For more data circle MD-121, Page 229 


Magnetic Amplifiers 





Ultra-Fast magnetic amplifier, 
first of a new. line, was developed 
for use in control systems requir- 
ing a high-gain amplifier and fast 
response. Speed of response is in- 
dependent of the number of stages 
of amplification, which makes pos- 
sible this three-stage amplifier in 
which the input and output phases 
occur during the same half-cycle 
of the power supply. Reduction of 
the series major loop lag permits 
the use of more negative feedback 
in the inner loop, resulting in im- 
proved stability. These amplifiers 
can be used either as phase-revers- 
ible ac amplifiers or as polarity-re- 
versible de amplifiers for de inputs 
with no changes in the internal wir- 
ing of the amplifier. Power gain is 
50,000; power output is 15 w phase 
reversible with ac input or 15 w, 
polarity reversible with de input. 
Total time lag is 0.0083-seconds. 
Load impedance is 800 ohms; input 
impedance, 15,000 ohms. Made by 
Librascope Inc., 808 Western Ave., 
Glendale, Calif. 


For more data circle MD-122, Page 229 
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ll GENERAL CONVERSION TABLES 
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When you list these requirements for a relay: 





Class S Relays are also available PLUG 
MOUNTED. ..to give these additional 
advantages: 


minimized inventory 


Manufacturers of process control equipment 
have standardized on plug-in relays. In 
that way a manufacturer can interchange 
the same basic relay in many of its models. 


fast, simplified 
inspection and maintenance 


Manufacturers of remote control assemblies 
specify ‘‘plug-in" relays; whole banks of 
relays can be removed in seconds. 


adaptability 

to hard-to-get-at locations 
Manufacturers of machine fools with space 
problems use “‘plug-in'’ relays. Less clear- 
ance space is required for installation or 
removal of relay. 
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‘ ified 
you’ve specifie 
the Automatic Electric Class $ Relay! 


For years the Class S Relay has been meeting conditions like these, and others 
just as exacting . . . distinguishing itself for dependability . . . amazing users 
again and again with its stamina. 

It’s used in aircraft to adjust propeller pitch and synchronize engines, to 
operate landing flaps and landing gear, to provide automatic pilot equipment 
with snap and accuracy. It’s used in guided missiles. In radio and TV, it is 
employed to select channels, to repeat pulses. It has hundreds of applications 
in manufacturing process cgntrol, computers, telemetering, automation. 

The Class S Relay probabiy has a space-saving, weight-saving, money-saving 
application somewhere in your products. We’ll be glad to send you complete 
facts and figures on this and the many other Automatic Electric relays. Ask 
for Circulars 1702 and 1803. 

Write: Automatic Electric Sales Corporation, 1033 West Van Buren Street, 
Chicago 7, Illinois. In Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 
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Biyur 
AUTOMATIC 
LUBRICATION 


Bijur Automatic Lubricating Sys- 
tems designed into your machines 
from the start help you build an 
early lead in customer satisfaction. 

And with Bijur you are right be- 
cause for a quarter of a century 
Bijur Automatic Lubricating Sys- 
tems have been part of efficient 
production programs. 

Your customers prefer automatic 
lubrication in the equipment they 
buy because it increases production 


_— 









and reduces operating costs. Built 
into your original plans for ma- 
chinery production, a Bijur Auto- 
matic Lubricating System can work 
for you by increasing customer ac- 
ceptance, assuring bearing safety, 
and contributing to operating effi- 
ciency. 


Call in a Bijur lubrication engi- 
neer. He is ready to help with your 
technical problems. 


@ 1034 


Biyur 


LUBRICATING CORPORATION 
Rochelle Park, New Jersey 
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| Slide Rule Pencil 


Operated like a _ conventional 
slide rule but made in the form 
of a mechanical pencil, Devco 
series 400 slide rule pencil meas- 
| ures, calculates and writes; has 

a cursor, detachable straightedge, 
| eraser, lead chamber and pocket 
| clip. Design provides true slide- 
| bar construction, permitting visual 
| clarity, facility of manipulation, 





high accuracy and versatility. Cal- 
culator is of white or black plas- 
tic and has heavily plated metal 
components. It is 6 in. long and 
weighs less than 1 oz. Six-scale, 
single-writing color and _ eight- 
scale, two-color models are avail- 
able. Made by Device Development 
Co., 226 W. Fourth St., New York 
14, N. Y. 


For more data circle MD-123, Page 229 


Tracing Paper and Cloth 


Included among six improved 
tracing papers and cloths is Whit- 
ney No. 378, a dual-purpose trac- 
ing cloth which accepts both ink 
and pencil equally well. Ink lines 
do not chip or flake off, and 
pencils as hard as 9-H neither 
skip nor damage the _ surface. 

| Available in blue and white, it is 
water-repellent and impervious to 
common solvents. Tracing papers 
will not become brittle or lose 
proper transparency. Negligible 
leaching occurs after long storage 
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or where drafting tape is applied. 
The fine-grained surface is proc- 
essed for accepting pencil lines 
with strong opacity. Made by 
Charles Bruning Co., 4700 Mon- 
trose Ave., Chicago 41, Ill. 


For more data circle MD-124, Page 229 


Isometric Protractor 


This Instrumaster No. 1201-A 
protractor for isometric drawing 
contains two sets of 180-deg 
graduations, each numbered from 
0 to 90 deg clockwise and coun- 
terclockwise from the main axes. 
Either half can be used for any 
one of three isometric planes. 
A geometrical figure around the 
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center of the protractor facili- 
tates orientation of the instru- 
ment within the particular plane. 
Protractor has an outline of tri- 
angular shape in such relation 
to the graduations that correct 
orientation is obtained automati- 
cally by placing one of the 
instrument’s edges against a T- 
square, straightedge or drafting 
machine blade. Two sets of nu- 
merals permit direct reading re- 
(Continued on Page 300) 
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WOVEN WIRE CONVEYOR BELTS 
provide continuous, low-cost processing and handling 


Open mesh construction of woven wire belts lets process atmospheres 
circulate freely for uniform cooling, heating, drying ee provides flash 
drainage of solutions, rapid washing, quenching, cleaning, draining. 


Whether you’re designing machines for your own operation or for resale, 
you can eliminate batch handling, cut costs, provide continuous produc- 
tion at controlled rates of speed with moving woven wire belts. 


All-metal Cambridge Woven Wire Conveyor Belts are corrosion resistant 
and impervious to damage from constant operation at temperatures from 
sub-zero to 2100° F. They have no seams, lacers or fasteners to wear more 
rapidly than the body of the belt . . . no localized weakening. 


No matter how you look at it, CAMBRIDGE Woven Wire Conveyor 
Belts are invaluable aids to AUTOMATION .. . help beat your biggest 
competition, COST. They are made in any size, mesh or weave, from any 
metal or alloy. Special raised edges, cross-mounted flights and other sur- 
face attachments are available to hold your product during movement. 


ANNEALING BRASS Call in your Cambridge Field 
PARTS...Process at- Engineer to discuss how you 
mosphere circulates can cut ultimate costs by contin- 
freely through open uous operation. You can rely 
mesh of Cambridge on his advice. Write direct 
belt and around or look under “BELTING, 
small or large parts. Mechanical”’ in your classified 













telephone book. 
ASK FOR FREE 130-PAGE REFERENCE 
MANUAL illustrating and describing Sey 
woven wire conveyor belts. Gives mesh ( eeu? 


specifications, design information and £:- | 2 / 








metallurgical data. YY 
k . e | h 
The Cambridge Wire Cloth Co. 
METAL SPECIAL Department N 
CLOTH feos agg agen Cambridge 2, Maryland 
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Hitch your product 





to a “Loadstar”! 





Your NEWEST PRODUCT will have added value, 
added efficiency, when powered by the equally mod- 
ern, equally efficient LELAND “Loadstar” ! It’s the most 
advanced LELAND motor ever designed for regular 
production! 


LELAND engineers have taken full advantage of the 
rare opportunity presented by the reframing program 
to incorporate into new LELAND designs many added 
improvements not actually a part of simple reframing. 
In this way every user of a new “Loadstar” motor 
benefits directly from LELAND’s exceptionally perti- 
nent experience in the continuing development and 





manufacture of special and lightweight power units 
and inverters for Aviation and the Armed Forces... 
one of the roles in which LELAND’s creative electrical 
engineering has particularly distinguished itself. 


No wonder, then, that the “Loadstar” outshines 
them all! 


Some features of this new line of smaller, lighter 
integral horsepower motors are shown below. Others 
were covered in a previous advertisement. For the 
complete story, and frame dimension details, write 
for Bulletin No. 103. 














me id 
ee 


Generous-sized, double-shielded. sealed ball bear- 
ings, lubricated jor life. prevent entrance of abra- 
sive grit. Precision-machined bearing bores give 
uniform rotor-to-statoer air gap. 








Stator construction features heavy Formvar wind- 
ings and carefully annealed lamination punchings. 


New “Loadstar” polyphase, dripproof 
motors in 1, 1% and 2 HP (180 
frames) now ready. Totally enclosed 
and explosion-proof frames —also 
higher horsepower and single phase 
motors — available soon. 











Simplified design: reduced number of parts; cast 
fans have same diameter as rotor. permitting rotor 
removal from either end: standardized components 
fit open or enclosed frames. 





Non-rusting, easily read aluminum name plate 
plainly shows all wiring connections. 


Another Product 


LELAND 


MOTORS 





Performance tests prove, despite reduced size, the 
new motors attain higher efficiency, higher full- 
load speeds. approximately 30% 
torque and breakdown torque. 





Large conduit box turns to four positions. Smudge- 
proof numbered markers identify leads. 


LELAND motors in previous NEMA 


standard frames will continue to 
be available for replacement 
and the convenience of present 
customers, 


THE LELAND ELECTRIC COMPANY, DAYTON I, OHIO, Division of American Machine & Foundry Company 


higher starting 








Thompson Precision-Engineers 
Light Metal Castings for 
All industry 


HE machinist turning out pro- 

duction parts and the pilot 
flying the speedy jet fighter have 
one thing in common—both can 
count on Thompson. The factory 
worker’s machine and the pilot’s 
jet engine are each improved by 
precision-engineered castings 
produced by Thompson’s versa- 
tile Light Metals Division. 


In the case of the fighter, it’s 
any one of several parts including 
the alternator housing that’s pro- 
duced by Thompson—with the 
factory machine, one of the parts 
manufactured by Thompson is the 
casting fo. the fluid clutch. 


These are but two of the many 
light, strong, durable castings 
designed, developed and manu- 
factured by Thompson for a diver- 
sified list of customer uses. Today 
Thompson is producing light 
metal castings for such products 
as buses and garbage disposers; 
washing machines and jet planes; 
automobiles and industrial en- 


gines; ice scoops and aircraft 
engines. 

Behind this ability to aid all 
forms of industry are over 50 years 
experience in research and manu- 
facture of precision metal parts. 
Regardless of your product, if you 
use Castings, Thompson’s creative 
engineers will gladly show you 
where and how you can simplify 
your operations and save on costs 
with Thompson Light Metals 
Castings. 


For a detailed description of the 
Thompson Light Metals facilities 
which are available to you, send 
for your free copy of “Creative 
Castings.” Just write to Dept. 
M-6, Light Metals Division, 
Thompson Products, Inc., 2269 
Ashland Road, Cleveland 3, Ohio. 


You can count on 


LIGHT METALS DIVISION 
2269 Ashland Rd. + Cleveland 3, Ohic 
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(Continued from Page 297) 


gardless of which side of the pro- 
tractor is placed on the drawing. 
Any angle in any plane of an iso- 
metric drawing can be plotted or 
measured directly so that lines not 
parallel with one of the axes can 
be drawn without “boxing” or us- 
ing co-ordinates. Made by John 
R. Cassell Co. Inc., 110 W. 42nd St., 
New York 36, N. Y. 


For more data circle MD-125, Page 229 


Lead Holder 


The Constructor, a flat propel- 
ling lead holder, is designed for 
precise work. Lead inserts, which 
are 0.016-in. thick and 0.047-in. 
wide, never require sharpening and 


— 


can be used to the last fraction of 
an inch. A firm guide edge for 
straightedges and triangles as- 
sures accurate work. Device can 
be used for block printing as well 
as regular writing. Hard rubber 
knurled shaft facilitates handling 
of the lead holder. Flat ribbon 
lead inserts are available in four 
degrees of hardness—HB, H, 2H 
and 4H. Made by Alvin & Co., 


Palisado Ave., Windsor, Conn. 
For more data circle MD-126, Page 229 


Oscilloscope Camera 


Model OC-1 high-speed 35-mm 
camera for continuous recording of 
oscilloscope traces may be mount- 
ed directly on the bezel of any 
5-in. oscilloscope. Installation illus- 
trated includes simultaneous binoc- 
ular viewing and recording, illumi- 
nated identification card and flash- 
ing lamp time reference. Camera’s 
film capacity is 100 ft. Film trans- 
port rate may be set between 1 and 
300 ips by means of a continuously 
variable remote motor control. 
Lower speeds can be achieved by 
gear substitution, and _ higher 
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Unitool*...a 





ast, easy, low-cost way 


to produce prototype bevel gears! 


Now you can produce small quantities 
of spiral bevel, Zerol® bevel and hypoid 
gears with a comparatively small capital 
S outlay and without specially trained per- 
5 sonnel. 

You can reduce the time and expense 
f it takes to change your angular drive from 
§ drawing board idea to a working model, 
too, because the Unitool Method produces 
good quality gears directly from the 
initial calculations. 

The Unitool Method is based on a fun- 
damentally different theoretical approach 
to bevel gear generation. Only six different 
cutters are required to cut gears up to 18” 


pitch diameter—spiral bevel and Zerol 
bevel pairs of any ratio; hypoid pairs 3:1 
ratio and higher. Because these cutters 
have a wide overlap in range, cutter diam- 
eter is not critical. 

Calculations are short enough and easy 
enough for you to do in your own plant. 
Correct tooth thickness and position of 
contact are easily determined without re- 
quiring special operator training. 

The Unitool Method is designed espe- 
cially for the Gleason No. 106 and No. 116 
Hypoid Generators which feature in- 
creased universal cutter tilt. 


*Trademark 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 


We will be glad to send further informa- 
tion on the Unitool Method and the two 
Gleason Generators best suited for it at 
your request. 


The Gleason No. 106 Hypoid Generator is a 
high-speed machine for spiral bevel, Zerol bevel 
and hypoid gears up to 81" pitch diameter. Its 
larger counterpart, the No. 116 Hypoid Genera- 
tor, handles the same type gears up to 18” pitch 
diameter. 





























Solution! 


6% ACME CHAIN ENGINEERS 


ACME engineers are roller chain experts . . . continually 
abreast with the advances in roller chain application. Whatever 
your problem, involving chain, call for the voluntary service of 
an ACME engineer. Write or phone JEfferson 2-9458. 





























STANDARD ROLLER . MULTIPLE WIDTH ° DOUBLE PITCH ° CABLE CHAIN 


7 i. Fz Tn 7 


RUGGED PRECISION CHAIN for EVERY NEED 

















Write Dept. 6R 
for new illus- 
trated 76 page 
catalog on use 
and ee 
of roller chains 
and sprockets. 


HOLYOKE 
MASSACHUSETTS 
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speeds up to 400 ips can be reached 
with special starting acceleration 
control. Film consumed in start- 
ing or stopping at maximum speed 










is less than 2 ft. Choice of F/1.5 
or F'/2.8, 50-mm coated lens with 
iris diaphragm is offered, giving an 
image reduction ratio of 4.5 in the 
usual 5-in. oscilloscope installation. 
Made by Brea Instruments, P. O. 
Box 248, Brea, Calif. 


For more data circle MD-127, Page 229 















Blueprint Reading Stand 





Drawings up to 24 x 40% in. 
are held in easy-to-read position 
by this metal blueprint reading 
stand. It has 6-ft support, or it 
can be wall-hung by means of a 
detachable easel. Usable any- 
where, easel swings 360 deg and 











tilts 25 deg. Prints are secured 
in place by six magnetized blocks. 
Easel and support can be lifted 
from base for portability. Assem- 
bly can be taken down for com- 
pact storage on a hook. Made by 
Young Radiator Co., 709 S. Mar- 
quette St., Racine, Wis. 


For more data circle MD-128,. Page 229 
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TRENTWELD 
STAINLESS TUBING 
gives longer 
operating life... 


FREE — write for your copy of 

the new TRENTWELD price calculator. 
Just a tug at the selector slide gives 
you complete price information 
and weight per foot of the tubing 
size and grade you need. Better 
send for your free copy now. 


TRENT WELD 


TRENTWELD stainless steel tubing gives economical, trouble- 
free service over long periods of use. It’s an ideal choice, for ex- 
ample, for applications such as the 60-foot rotary kiln dryer you 
are looking into in the photograph above... operating at high 
temperatures and where corrosive conditions are encountered. 


In fact, you just can’t buy better tubing than TRENTWELD 
for any application. That’s because TRENTWELD stainless and 
high-alloy welded tubing is a product of tube mill specialists. Each 
tube has a uniformly sound weld indistinguishable from the parent 
metal and just as strong and corrosion-resistant. 


Whether or not your job is as large and complex as a rotary 
dryer, you can specify TRENTWELD tubing with confidence. 
And when it comes to tubing sizes and finishes, Trent offers the 
widest range in the industry . . . from 144” to 40” O.D. and up. Next 
time you have a job involving tubing, remember—you can make it 
better with TRENTWELD. 


STAINLESS STEEL TUBING 


TRENT TUBE COMPANY, GENERAL SALES OFFICES, EAST TROY, WISCONSIN (Subsidiary of CRUCIBLE STEEL COMPANY OF AMERICA) 
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Vlew HALLIARD 
TWIFLEX 


AUTOMATIC CENTRIFUGAL CLUTCH COUPLING 

































1] NEW iMPORTANT FEATURES.. 


1. Flexible in all directions, 7. No slip under normal load at full 
2. Absorbs Shock. apese. 

























8. Protects driver and driven mechan- 


3. Limits torsional vibration. isms against overload shock. 
4. Has adjustable idle speed. 9. = be furnished in automatic back- 


5. Can pe furnished in automatic free- 19. Prevents torsional resonance. 
whssling Gpe ll. Easily assembled even in blind in- 
6. Smooth starting, stallations. 


If you have problems of misalignment — smooth starting — vibration — overload 
—or assembly in the manufacture or operation of: 











@ Compressors @ Textile Machinery @ Conveyors 

@ Blowers @ Wire Machines @ Pumps 

@ Diesel Engines @ Fans @ Electric Motors 

@ Excavators @ Gasoline Engines @ Generators 

@ Refrigeration @ Back Stop Brakes @ High Speed Pulverizers 
@ Hammer Mills @ Mixers @ Tube Mills 


@ Let Our Engineers Consider Your Problem. Twiflex May Be The Answer. 


OVER-RUNNING CLUTCH 


and release on two speed 
drives, dual drives and for 


' For automatic engagement 
} a ratchet feed or backstop ac- 


Lg 









SINGLE REVOLUTION SLIP CLUTCH 
CLUTCH For overload protection 
For automatic, accu- — constant torque — 


constant tension on 
reeling or winding 
8 a7 








oupling in Catalo 


CLUTCHES FOR 
50 YEARS 


THE ENGINEER’S 


Library 


Recent Books 


Gears. By H. E. Merritt; 541 pages, 
5% by 8% inches, clothbound; pub- 
lished by Pitman Publishing Corp., 
New York; available from MACHINE 
DESIGN, $12.50 postpaid. 


This thorough treatment of the 
design, manufacture and use of 
gears is in its third edition. In 29 
chapters it covers classification of 
gears; conventions; nomenclature, 
notation and definitions; pitch sur- 
faces and tooth spirals; principles 
and analysis of tooth contact; 
principles of gear-tooth genera- 
tion; geometry of involute spur, 
helical, spiral involute, conical in- 
volute, bevel and worm gears and 
gear generating cutters; detail di- 
mensions of spur, helical, spiral, 
bevel and worm gears; special gear- 
tooth applications; gear-tooth ac- 
curacy and tolerances; tooth reac- 
tions and bearing loads; behavior 
of gears in service; gear materials; 
efficiency, lubrication and cooling 
of gears; loading and strength of 
gear teeth and their resistance to 
surface loading; working stresses 
and design factors; and gear 
trains. Appendixes include useful 
charts, tables and references. 


Fundamentals of the Working of 
Metals. By G. Sachs, research pro- 
fessor, director of metallurgical re- 
search laboratories, Institute of In- 
dustrial Research, Syracuse Univer- 
sity; 166 pages, 5% by 814 inches, 
clothbound; published by Intersci- 
ence Publishers .Inc., New York; 
available from MACHINE DESIGN, 
$4.75 postpaid. 


This book presents an ele- 
mentary description of basic 
phenomena which determine per- 
formance of metals. during me- 
chanical working. These phenome- 
na apply equally to processing in- 
to simple shapes, and fabricating 
of these shapes into more com- 
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The Engineer's Library 





plex, finished parts. Six chapters 
cover effects of temperature and 
speed on forming; relations be- 
tween chemical composition, phase 
changes and forming characteris- 
tics; effects of grain structure on 
forming; some general concepts 
of metal forming; basic types of 
forming methods; and progressive 
fabricating. 


Materials of Construction. By M. 
O. Withey, emeritus dean and G. W. 
Washa, professor of mechanics, Col- 
lege of Engineering, University of 
Wisconsin; 895 pages, 5% by 9 inches, 
clothbound; published by John Wiley 
& Sons Inc., New York; available 
from MACHINE DESIGN, $9.00 post- 
paid. 


Directed primarily to structural 
engineers, but containing informa- 
tion of use to designers, this book 
presents data concerning sources, 
manufacture and fabrication of 
principal materials of construc- 
tion, including wood, concrete, 
and ferrous and nonferrous me- 
tals and alloys. It gives informa- 
tion covering their more import- 
ant mechanical and physical prop- 
erties, and the influence of various 
factors on these properties. Causes 
of defects and variations, and how 
they may be discovered, are dis- 
cussed. 


Welding for Engineers. By Harry 
Udin and John Wulff, department of 
metallurgy, Massachusette Institute of 
Technology and Edward R. Funk, 
engineering consultant, Goodyear Air- 
craft Corp.; 440 pages, 5% by 8% 
inches, clothbound; published by John 
Wiley & Sons Inc., New York; awail- 
able from MACHINE DESIGN, $7.50 
postpaid. 


Emphasizing the principles of 
welding as a separate engineering 
field, this textbook presents infor- 
mation on a wide variety of weld- 
ing problems. 

After an introductory chapter on 
welding processes, the remaining 
15 chapters discuss cold, hot-pres- 
sure, and resistance welding; met- 
allurgical reactions in resistance 

(Continued on Page 310) 
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HOW CHACE THERMOSTA 


ACTUATES THE F 


[ite-finestarter 


OVERLOAD RELAY 




















Product of 
Westinghouse Electric Corp., 
Beaver, Pennsylvania 


The Westinghouse Life-Linestarter provides positive protection 
against dangerous overload and motor burnout. This overload 
protection is accomplished by means of Chace Thermostatic 
Bimetal in the form of a snap-action, disc type of overload relay. 
This is a precision device, more reliable than conventional solder 
pot type relays since the bimetal disc retains its precise calibra- 
tion over years of operation and is not affected by oxidation. 


HOW IT WORKS 


The overload relay is furnished set for hand reset operation. 
The relay may be set for automatic reset, hand reset or hand 
reset with no manual means of opening the contacts. 


Under overload, the temperature of the heater element adjacent 
to the Chace Thermostatic Bimetal disc increases. When the tem- 
perature rise attains a predetermined level, it causes the bimetal 
disc to deflect from a normally concave to a convex position. The 
impact of the disc against the moving contact arm forces the 
contacts to open and break the coil circuit, opening the starter 
contacts and stopping the motor. When the bimetal disc cools, it 
snaps back to its normally concave position. After the cause of 
the overload has been eliminated, the relay is easily reset and 
the motor again started. The bimetal disc cannot be damaged 
by attempted reset at any time during its cooling period. 


Chace Thermostatic Bimetal is available in 29 different 
alloy combinations, in strip, coil or in complete elements, 
fabricated to customer specification. Send for our new, 
free booklet, “Successful Applications of Chace Thermo- 
static Bimetal,”” containing valuable engineering informa- 
tion for designers of thermally responsive devices. 


W. M. CHACE CO. 


1616 BEARD AVE., DETROIT 9, MICH. 
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MICRO SWITCH Precision Switches 


A PRINCIPLE O F Gooo 


need a high 
femperature 
switch? 


a 
=e | 
~~ 


Does your design call for a switch 
that will operate perfectly at 1000°F? 
Originally designed to withstand the 
terrific heat of jet engines, this 
switch has met some very exacting 
requirements for a precision switch 
to operate in high temperatures. 
It has been found useful in equip- 
ment designed for distilleries, found- 
ries, vulcanizing plants or other 
industries requiring high tempera- 
ture components. For complete in- 
formation and consultation on 
MICRO SWITCH precision switches 
contact your nearest branch office. 


oe ee 


Many variations of these extremely 
small toggle switch assemblies are 
available for the control of multiple 
circuits. Shown is such an assembly 
for panel mounting which uses two 
SPDT subminiature switches to 
control up to 4 circuits. The small 
size of this switch permits mounting 
in minimum space behind panel. 
Other toggle switch assemblies are 
available which permit control of 
up to 16 circuits. If THE switch 
you need must do a big job in a 
small space check with MICRO 
SWITCH. 


ities 





a push button 
assembly? 


. 


This is a subminiature push button 
switch assembly for two-circuit 
control. This switch provides an 
improved ‘‘feel’’ and simultaneous 
make and break of the two circuits. 
Other push button assemblies in- 
clude one for panel mounting with 
the plunger mechanism sealed at 
the panel; also slide button assem- 
blies where two subminiature 
switches are mounted in a three 
position, maintained contact assem- 
bly. Whatever your switch require- 
ment it will pay you to contact 
MICRO SWITCH. 





or 











rotary assembly? 













4 





Perhaps you need a smiall subminia- 
ture rotary selector switch. Here’s e e 
one that will control from 2 to 16 
Circuits. It uses from 2 to 8 SPDT Let MICRO SWITC H Engineering 
subminiature switches and permits e e 
from 2 to 8 switching positions with Service help you select if I 
spring or manual return to neutral 
position. 
Whatever the one switch you 


need to improve the performance @ Call your nearest 4 


of your design, there is—or can be 


—a MICRO SWITCH product to MICRO SWITCH 


meet your requirement exactly. 


Call MICRO SWITCH today. It branch office today 


May save you time and money. 





MICRO SWITCH 
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exclusive 


combines motors - brakes 
fluid couplings  gear- 
reducers into tailor-made 


Smet POWER 


unit 








GREATER COMPACTNESS... 
one service responsibility! 


Instead of buying and aligning several sep- 
arate units, install Reuland tailor-made, single- 
unit Power Packages. You save space and 
weight, reduce prices up to 25% —simplify 
installation—improve in-the-field performance. 


Literally dozens of combinations are available 
to fit every powering job. All economical, 
standard assemblies using the basic Reuland 
“XPANDABLE” motor design. 


If your equipment utilizes a motor, brake, 
fluid coupling, gear reducer (or any combina- 
tion) why not find out first-hand what a 
Reuland Power Package can do for you. Give 
us the details and we'll even submit a “tailor- 
made” test unit on approval. 


OVER 800 “SPECIAL” ELECTRIC MOTOR DESIGNS... 
Still further versatility is provided by the 
Reuland “Library of Specials?” Over 800 mo- 
tors with special electrical and mechanical 
characteristics ...800 ways you can save de- 


velopment work, get in production faster! 


<@E>REULAND 


WESTERN DIVISION: Alhambra, California « EASTERN DIVISION: Howell, Michigan 


























typical adaptations 
from this 


REULAND eT _ BASIC 
: Apandable ‘design 








Motor with Reuland “Through 
Shaft’’ magnetic brake 





Motor with fluid coupling and 
brake on output shaft 





Motor with fluid coupling and 
helical gear reducer 
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Motor with fluid coupling, ovtput 
shaft brake and helical gear 
reducer (second brake may 

also be added) 








Motor with fluid coupling, right- 
angle worm reducer and brake 





Write 
today, 
outlining 
your 
particular 
power 
problem. 
No 
obligation, 
of course. 





QP Ss small 


; 
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ELECTRIC COMPANY 


Distributors in all principal cities 





The Engineer's Library 
(Continued from Page 307) 





welding; heat and temperature dur- 
ing fusion welding; permanent-elec- 
trode and consumable-electrode 
arc-welding processes; welding with 
chemical heat sources; metallurgy 
of fusion welding; brazing; me- 
chanical effects; and principles of 
weld inspection and testing. A 
glossary of welding terms is ap- 
pended. 


Adhesive Bonding of Metals. By 
George Epstein, research engineer, 
North American Aviation Inc.; 228 
pages, 4 by 6% inches, clothbound; 
published by Reinhold Publishing 
Corp., New York; available from 
MACHINE DESIGN, $2.95 postpaid. 


Purpose of this book is to aid 
engineers in determining feasibility 
of adhesive-bonded joints, type of 
adhesive to select, how to employ 
the adhesive, and how to design 
joints for optimum performance. 
Adhesives considered are those 
most generally employed with met- 
als. 


Patent Fundamentals for Engineers. 
By H. K. Leonard, patent attorney; 
39 pages, 5144 by 8% inches, ring- 
bound, paper covered; published by 
Pelex Publishers, New York; avail- 
able from MACHINE DESIGN, $2.00 
postpaid. 


This booklet presents patent in- 
formation of value to creative en- 
gineers who wish to protect their 
interests in inventions and de- 
signs. Subjects covered include 
qualifications for obtaining a 
patent, parts of a patent and 
their purpose, scope of patent 
claim, claim infringements, “util- 
ity,” how patents affect engineers, 
rights of employed inventors in 
their inventions, and employment 
contracts. 


New Standards 


Drafting Standards — Aluminum 
Extruded and Tubular Products. 56 
pages, 6 by 9 inches, paperbound; 
available from The Aluminum As- 
sociation, 420 Lexington Ave., New 
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Linear 
precision molded 
' silicones 
}- 
1 Whenever your design specifies a synthetic molded rubber product 
0 to precise dimensions, look to LINEAR. Must it be water repellent, 
resistant to oxidation, or impervious to oils, acids or synthetic 
fluids? Look to LINEAR. Want a range of thermal stability from 
- —125° F. to 500° F.—or better? Look to LinEarR! 
és The combination of micrometer accuracy and superior physicals 
‘ in LINEAR Precision Molded Silicones results from constant research 
ie and testing. It extends into virtually every field of industry. Where 
‘ dimensional stability or long shelf life is a must, it pays to specify 
d LINEAR. 
nt Whether you need Molded Diaphragms, Roto-Molded “O” Rings, 
l- Boots, Impeller Seals or a variety of odd-shaped components, 
nt including bonded-to-metal parts, LINEAR engineers can save you 
. time and money. Let us discuss your needs in the design stage. 
nt 
“PERFECTLY ENGINEERED PACKINGS 
im — ~ " . r a - ~ 
56 LINEAR, Inc. STATE ROAD & LEVICK ST., PHILA. 35, PA 
a; 
Ls- 
ew 
. MACHINE DESIGN—February 1955 311 
5, 
























GRO expe Do You Wait 


Za Xo Be Served 
seth at Lunchtime? 
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Delays in personal service are 
annoying, but delays in deliveries 
can cause substantial losses in pro- 
duction and sales. 


You can avoid these costly de- 
lays by specifying Mass Gears. 


Prompt and attractive quotations 












can be obtained by sending your 
prints to Mass Gear. 














Massachusetts Gear & Tool Co. 
WOBURN, MASS. 
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MARIEMONT AVE CINCINNATI 27, OHLO 








The Engineer's Library 





York 17, N. Y., on company letter- 
head request. 


The second edition of this man- 
ual outlines basic design practices 
necessary with extruded products 
and standardizes those practices 
as far as seems practical. Experi- 
ence gained since publication of the 
first edition has warranted changes 
in tolerances in a number of cases. 


Standards for Transformers. Publi- 
cation No. TR1-1954; 71 pages, 8% 
by 11 inches, paperbound; available 
from National Electrical Manufactur- 
ers Association, 155 East 44th St., 


New York 17, N. Y., $3.00 per copy. 


These standards provide prac- 
tical information concerning rat- 
ing, performance, testing, manu- 
facturing and marking of power 
and distribution transformers. 
This new book supersedes Publica- 
tion No. 48-132. 


Manufacturers’ Publications 


Bunker Hill Zinc and Die Casting. 
24 pages, 8% by 11 inches, paper- 
bound; copies available from St. 
Joseph Lead Co., 250 Park Ave., 
New York 17, N. Y. 


This booklet contains technical 
data on zinc as a base metal for 
die casting alloys. It includes the 
variety of commercial finishes 
which may be applied to zinc base 
die casting and applications of such 
castings in industry. 


Government Publications 


NACA Technical Series. Hach pub- 
lication is 8 by 10% inches, paper- 
bound, sidestapled; copies available 
from National Advisory Committee 
for Aeronautics, 1924 F St., N.W., 
Washington 25, D. C. 


The following Technical Notes 
are available: 


3280. Electrical Analogies for Stiffened Shells 
with Flexible Rings—35 pages 

3292. Influence of Exposed Area on Stress- 
Corrosion Cracking of 24S Aluminum Alloy— 
22 pages 

3309. Mechanical Properties at Room Tem- 
perature of Four Cermets of Tungsten Carbide 
with Cobalt Binder—16 pages 
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Steel-Weld Fabricated parts and assemblies can save you 
time and money in many ways... they eliminate pattern 
costs and give you greater strength with less weight. The 
parts and assemblies shown at the left, and the forty-ton 
frame and carriage shown above—parts of a loading 
device for a large extrusion press—are typical examples 
of thousands of Steel-Weld Fabricated units produced and 
machined by Mahon for manufacturers of processing 
machinery, machine tools, and other types of heavy mechani- 
cal equipment. If you need a special mechanical device, or 
if you require parts or assemblies involving large heavy 
pieces where time and pattern costs are a consideration, 
you can call on Mahon with complete confidence . . . per- 
sonnel and facilities are available within the Mahon plant 
to handle the entire job from drawing board to finished 
machining and assembly. You will find in the Mahon organi- 
zation a unique source . . . a source where design skill and 
advanced fabricating technique are supplemented 
by craftsmanship which assures a smoother, finer appear- 
ing job embodying every advantage of Steel-Weld 
Fabrication. See Sweet's Produci Design File for informa- 
tion, or have a Mahon engineer call at your convenience. 


THE R. €C. MAHON COMPANY 
DETROIT 34, MICHIGAN 











AGAIN AVAILABLE IN REPRINT 


PRICE 
$1.00 
PER COPY 







It's not new but it’s still useful. 


This is an obvious deduction from almost four years of continued 
requests for copies of “Why Machine Parts Fail”. 


Charles Lipson’s tremendously popular series first appeared in the 
May 1950 issue of MACHINE DESIGN and was concluded in the 
December issue of the same year. 


It was reprinted in 1951 to meet the demand for copies. But that 


supply ran out nearly a year ago. 


Not so the requests. They have continued in such volume that we 
have decided to reprint the series again. 


You can get copies by simply filling out the form below and send- 
ing it in to us. We shall appreciate your enclosing remittance to 
facilitate handling. 


Send me copies of “WHY MA- 
CHINE PARTS FAIL" 


[_] Remittance Enclosed 
[_] Please Bill Me Later 


Reader Service Dept. 
MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Name 





Company 
Street Address 
City 








Zone State 
in Ohio subject to 3% sales taz. 





Price $1.00. Orders 














| 







ECHNICAL society meetings 

and trade shows and exposi- 
tions have come a long way in re- 
cent years in providing meeting 
grounds and market places. As 
a veteran at such affairs, J. P. 
Henderson here begins a person- 
ally conducted tour of 
















The Engineering Convention 


This past summer I attended an- 
other engineering convention. 
Long ago I lost track of the num- 
ber of these I’ve gone to. But as 
[I sat in the hotel lobby viewing 
the familiar hubbub, it occurred 
to me that the engineering con- 
vention was quite an institution. 
Do you attend them? Do you get 
your full share of value for your 
employer’s money? As a possible 
guide book for the uninitiated, let’s 
trace the convention from begin- 
ning to end. 
















Register Early! 

It really starts, of course, with 
the long line in the hotel lobby in 
front of the room registration 
desk, early in the morning. Dele- 
gates to the convention can be 
recognized by their already tired 
appearance, They didn’t sleep well 
on the Pullman (unlike the hard- 
ened salesman). That’s the first 
degree of tiredness one recognizes. 

The second group sat up all 
night; they either failed to get 
reservations by last-minute 
changes in plans, or are traveling 
on their own money. 

The third group are by far in 
the worst condition. For them the 
convention started the evening be- 
fore in the club car. They had 
Pullman reservations but didn’t go 
to bed, having too much gossip to 
exchange and too many strange 
chemical compounds to sample. 
They can be further recognized by 
the odor of these chemicals which 
still clings about them, and the 
enlarged veins in the eye. 

There they are, all lined up in 
front of a man with a carnation, 
who is idly flipping a number of 
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MORE AND MORE FLEXLOC LOCKNUTS are being used on appli- 
cations where dependable locking is essential to the operation of the equipment 
and the safety of the operator. This bundling chain with automatic lock provides 
Positive grip and safe, sure bundle handling. 


Two FLextoc Self-Locking Nuts hold this assembly together. Once the locking 
threads are fully engaged, the nuts won’t work loose, regardless of the conditions 
under which they are used. 


FLEXLOC one-piece, all-metal nuts are available in a full range of sizes in any 
quantity. Standard FLExLocs are stocked by leading industrial distributors every- 
where. Write for Bulletin 866 and samples. STANDARD PREssED STEEL Co., 
Jenkintown 18, Pa. 


DO YOU KNOW ? Standard Fiextocs smooth off rough bolt threads. The 
locking threads on all-metal FLExLocs are not chewed up when used on rough bolts. 


Standard FLex.tocs lock securely on bolts varying in diameter tolerances. The all-metal, 
resilient locking sections of the nut accommodate themselves to the diameter tolerances. 


Standard FLExLocs are one piece, all metal. They are not affected by temperatures to 
550°F. Nuts lacking these features have a more restricted temperature range. 


Standard FLextocs lock securely—stopped or seated—when 14 threads of a standard 
bolt are past the top of the nut. 


Standard FLex.ocs are not affected by moisture, oil, dirt or grit. They lock efficiently 
under all conditions, regardless of the vibration encountered. 
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FLEXLOC AT WORK 





PREXLOC SELF-LOCKIAG HUTS 





FLEXLOC 
LOCKNUT DIVISION 








JENKINTOWN PENNSYLVANIA 
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for.your most 
demanding 
tests... 








Combine * Consolidated’s Type 5-119 
Recording Oscillograph with the Con- 
solidated Amplifier System D, and you 
have an analog data-recording system 
usable on over 90% of all static- 
dynamic tests. As a compatible team of 
instruments, the 5-119 and System D 
can go anywhere (it’s an ideal flight-test 


i Cole F hae 
faalet-j me 4-1 ot iit 


a -rete] gel iale mh s-3(-1a8) 


system), can record over a suprising 
range. And both instruments offer op- 
erating features and conveniences that 
make the combination truly today’s 
most advanced analog instrumentation 
system. And every instrument is 
backed by Consolidated’s nation-wide 
engineering and service organization. 





AMPLIFIER SYSTEM D...usable with 
both self-generating and modulation- 
type pickups ... interchangeable 3-kc 
carrier and 5-5000 cps linear/integrat- 
ing plug-in amplifiers . . . capacity up to 
12 channels . . . rugged enough for field 
and flight use. SEND FOR BULLE- 
TIN CEC1403D-X1 





AMPLIFIER SYSTEM D 
AND 
5-119 RECORDING 
OSCILLOGRAPH 


THE 5-119 RECORDING OSCILLOGRAPH ... 
36 or 50 channels... 12”x250-ft records 
at speeds from 0.1 to 100 inches per 
second... 10:1 instant speed change by 
simple switch control...unique warn- 
ing and safety devices to insure against 
loss of vital test data. SEND FOR 
BULLETIN CEC1536A-X1 


*or use them separately ... either the 5-119 or System D may be 
combined with other recording and amplifying instruments. Write 
to us or talk to a CEC Field Engineer about your requirements. 








Consolidated Engineering 


Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C. 








Stress Relief 





cards in his hand. Every now and 
then this clerk retires behind a 
screen, returning with more cards. 
Occasionally he writes a number 
on the registration card of the 
long-suffering victim patiently 
standing in line. 

The convention delegate, anx- 
ious to get to his room and get 
cleaned up, should not be in a 
hurry. He must cultivate this 
patience. It’s a long-established 
custom. There are, perhaps, 300 
empty rooms in the hotel. The 
clerk must know their numbers. 











But they cannot be assigned with- 
out much walking back and forth, 
several conferences, and a series 
of severe examinations of many 
cards. When I was young and ob- 
served this procedure I thought, 
“Ah, here is a new clerk.” Ten 
years later the same man, sign- 
ing me in at the same hotel, had 
improved a great deal in his tech- 
nique. As a result of his experi- 
ence he had learned several addi- 
tional places to look for these 
mysterious cards and had easily 
doubled his time. 

If you are very lucky you will 
get your room once you have 
reached the head of the line. The 
alternative is to be told that no 
more are empty now. 

“Check back at the desk about 
noon.” Here is where experience 
comes in. The wise delegate rec- 
ognizes an old friend away ahead 
of him in the line. In stepping up 
to greet him he mentions casually, 
“Looks like a long line this morn- 
ing. I imagine most of us won't 
get rooms until this afternoon. [f 
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Sle 
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a Detter CLUTCH 


for the same money 


BECAUSE... 
it’s the only clutch 
with SEPARATOR 
heating in both HORI- 
- .ZONTAL and VERTI- 
CAL installations. 


f 
For some time there has been a de- Sa 
mand for a single disc clutch for pos- 
itive control of power transmission 
in the field of light machinery . . . a clutch that would stay cool on 
the job in both horizontal and vertical installations. This is “it.” 


If extreme compactness is not an essential, the Johnson No. 350 
(3 h.p. max.) and No. 450 (6 h.p. max.) will meet or beat com- 
petition...as a better clutch at a competitive price. They incorpo- 
rate most of the design principles of our Maxitorg multiple disc 
...and except for compactness and capacity, you will find them 
tops in their field. (Please read column at right...“Frankly Speak- 
ing”... for use recommendations.) 


Several driving combinations are available, including V-belt. A 
simple hex key frees the knurled ring for easy manual adjustment. 
The “floating” disc prevents drag, abrasion, and heating in neutral. 
Machine and product designers will solve many problems in the 
light machinery field with this new Johnson single disc Clutch. 


Send for Bulletin No. 250-MD-2 


THE CARLYLE JOHNSON MACHINE CO. 
MANCHESTER..... CONNECTICUT 
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‘engineers and machine designers to develop 
‘the correct solution of your power transmis- 





























(Advertisement) 





SPEAKING 


Because of a large backlog of orders, The 
Carlyle Johnson Machine Company found 
it necessary to postpone the announcement 
of the new Johnson Single Disc Clutches. 

Now, with added equipment for high 
speed production, it is possible to produce 
and ship the new clutches without undue 
delay. In fact, small orders or units for try- 
out in new machines will be forwarded at 
once. Design features make the Johnson 
especially suitable for installation in the 
following machinery: 

Accessory Drives, Air Compressors, Bag 
Making, Boat Drives, Bread Wrapping, 
Chain Drives, Combines (farm), Convey- 
ors, Crop Seeders, Cultivators, Dusting Ma- 
chines, Feed Grinders, Floor Scrubbing, 
Fruit Cleaners, Gasoline Engines, Genera- 
tor Drives, Hay Balers, Hoists, Loaders, 
Lawn Mowers, Milk Coolers, Mixing Ma- 
chines, Motor Scooters, Packaging Machines, 
Paper Shredders, Power Fans, Power Saws, 
Power Take-offs, Pumping Equipment, 
Sand Spreaders, Sewing Machines, Sheep 
Shearers, Spraying Equipment, Textile Ma- 
chinery, Threshers (small) , Tobacco Ma- 
chinery, Tool Grinders, Tractors (garden), 
V-Belt Drives, Vegetable Sorters. 

Naturally, these are but a few of the pos- 
sible applications for the Johnson Single 
Disc Clutch. The field is wide open, with 
new machinery constantly being developed. 

Included in the driving combinations are: 
Gear Tooth, Bolted Plate, Pulley Type, Hub 
Adapter, Cut-off Coupling Adapter, Single 
V-Belt Pulley Drive, and Double V-Belt 
Pulley Drive. 

Carlyle Johnson engineers offer their engi- 
neering assistance in cooperation with your 


sion requirements. Write to Frank R. Simon, 
The Carlyle Johnson Machine Co., Man- 








chester, Conn. 
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Quick delivery on quantities 
of 100,000 to many millions. 


NO MINIMUM SIZE: 


Maximum Weight: ' oz. 
Maximum Length:1%/,"" 


The unusual flexibility of Gries’ die casting technique 
may answer your small parts problems. With almost 
unlimited design latitude, your designs—whether sim- 
ple or complex—can be made exactly to your specifi- 
cations, swiftly, accurately, economically. Cast in zinc 
alloy, in one automatic operation, completely trimmed! 
Let Gries’ engineers solve your “impossible” problems. 





Send prints for quotation ; write today for bulletin and samples. 


GRIES REPRODUCER CORP. 


32 Second St., New Rochelle, N. Y. * Phone NEw Rochelle 3-8600 
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Which Catalog Interests You? 
(] FH Sanitary Pumps 
C) G+ Oil Industry Pumps 


[_] B-H General Purpose Pumps 
C-H Heavy Duty Pumps ” 
| D-H Underwriter Pumps > © H+LP-Gas Pumps 
E-H Jacketed Pumps * [) FH Hydraulic Pumps 
(] J-# Special Application Pumps 
Just check above and atiach to your letterhead. 
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Stress Relief 





I get left out, how about putting 
my bags in your room temporarily 
and using one of your towels?” 

This is standard procedure—one 
need not be abashed at trying it; 
and it’s as good as an ace up the 
sleeve. If you are really welcome, 
the friend, on clearing the desk, 
will stop by and tell you his as- 
signed number. 

Once you have removed the re- 
mains of the filtered, cooled air of 
the Pullman from your system, 

| you have one more registration to 
go through. This is the engineer- 
ing society line-up, usually han- 
dled with notable efficiency. 
Register by mail, ahead of time, 
is my advice. Then step up to 
the desk, give your name and pay 
the registration fee. Before the 
echo of the bell has died away 
from the cash register, you have 







| a), Me 
\ Dp qh 








Ba VS ET: ; 
had pressed upon you one large 
badge with your name and address, 
a printed program of technical 
| papers, a social program, a list of 

tours of the city and a blurb from 

the local Chamber of Commerce. 
The uninitiated, impressed by 
| this speed, is inclined to move 
away to join the group of uncom- 
fortable, ill-at-ease delegates who 
are wandering aimlessly through 
the lobby, or perhaps join some 
acquaintances talking quietly in 
the corner. On the other hand, he 
shouldn’t overlook another ritual. 
He should get acquainted with the 
girls behind the convention reg- 
istration desk, making sure that 
his badge is conspicuously placed 
so that they can get his name. 
Do not slight this suggestion 
I'll explain this point a little more 
next month. 


! 


—J. P. HENDERSON 
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Silicone Grease Saves Money; In- 
creases Life of Alloy-to-Plastic 
Gears in Precision Gearmotor 


Using the best organic lubricants, maxi- 
mum life of the gear set in a test model 
of a new precision gearmotor designed by 
Lee Engineering Company of Milwaukee, 
was only 100 hours. Temperature at 
point of contact between the nickel alloy 
worm and phenolic gears was so high that 
organic lubricants were rapidly separated 
and thrown out, even though the gearbox 
was fully packed. 





Before major alterations in design were 
undertaken, Lee engineers tried Dow 
Corning 33 Grease, light consistency. A 
first trial run of 1200 hours showed no 
appreciable gear wear. Further tests proved 
that a basically sound design had been 
made practical by a stable lubricant. 


With only enough Dow Corning 33 to fill 
the teeth required to give long service, Lee 
engineers found that even the initial cost 
of the silicone greasé was less than that 
of a gear box-full of the organic grease 
previously tried. 


Now in commercial production, these sili- 
cone lubricated precision gearmotors are 
put to many uses. For example, the % hp 
unit shown here with a 40 to 1 gear ratio 
and a speed range of 10 to 200 rpm on 
the phenolic gear, is used to feed wire in 
an automatic welding machine. No. 24 





New 1955 Reference Guide to Dow Corning 
silicone products gives in 8 pages a brief but 
comprehensive summary of the properties and 
applications for the silicone products that are 
most widely used. Products are indexed by type 
of application. With increasing effort devoted to 
product improvement and cost reduction, such a 
reference guide to this remarkably stable group 
of engineering materials becomes increasingly 
Important to design engineers. No. 25 


RF Transformers Impregnated with 
Silicone Fluid Exceed Humidity Specs 


The RF transformers in radio compasses 
made by LearCal Division of Lear, Incor- 
porated, passed Ordnance tests for moisture 
resistance and extreme thermal shock. 
Lear felt, however, that for permanent 
protection, the transformers should be 
potted to come as close to forming a 
true hermetic seal as possible. 


After potting with mica-filled epoxy resins, 
the transformers are, therefore, vacuum 
impregnated with Dow Corning 200 Fluid. 
Silicone treated transformers easily pass 
the humidity tests of SC-D-1594 and 
MIL-E-5400. They may be immersed in 
water for 30 minutes with no change in 
electrical properties. No. 26 





Westinghouse Seals New Switches 


With Silastic for Sub-zero Service 
Sealed, top and bottom, with Silastic 
gaskets, the new Westinghouse gas-filled, 
load interrupter switches remain operable 
at temperatures as low as —65 F. Organic 
rubber seals were originally tried, but 
sub-zero weather caused the seals to 
harden and shrink, allowing the sulfur 
hexafluoride gas to escape. 


On testing, Wes- 
tinghouse engineers 
® found that Silastic 
= gaskets easily passed 
all pressure, vacuum, 
and temperature re- 
quirements, and were 
not affected by the 
gas. The Silastic gas- 

. kets provide such a 
tight seal that Westinghouse expects the 
units to hold gas pressures of 30 psi indef- 








initely without recharging. No. 27 





Silicone Aluminum Paint Protects 
Jet Engine Combustion Chambers 


The materials used in many of the 
combustion chambers and burner supports 
manufactured for J-35 jet engines by Solar 
Aircraft of Des Moines, must remain 
unaffected by abnormally high tempera- 
tures. Aluminum clad steel solves the 
problem satisfactorily with exception of 
various fusion welds. These must be re- 
coated with aluminum or a noncorrosive 
coating that will withstand up to 800 F, 


Solar engineers have the answer to that 
problem, too. They simply spray or dip 
the welded part with two coats of Sicon, 
an aluminum paint formulated with Dow 
Corning silicone resins by Midland Indus- 
trial Finishes. 





After a one hour bake at 400 F, the 
silicone based coating provides the required 


protection. According to Solar, this is one 


of the most satisfactory paints for use on 
jet engine parts. 


No. 28 





Design Edition 6 
DOW CORNING CORPORATION - Dept. 6802 


Midland, Michigan 
Please send me more data on numbers: 


24 25 26 27 28 





NAME 
TITLE 
COMPANY 
STREET 
CITY 
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ATLANTA * CHICAGO + CLEVELAND * DALLAS * DETROIT * LOS ANGELES * NEW YORK * WASHINGTON, D. C. (Silver Spring, Md.) 


Canada: Dow Corning Silicones Ltd., 
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Toronto; 


England: Midland Silicones Ltd., London; 


France: St. Gobain, Paris 
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MOLDED PACKINGS 
a complete Cine forthe desiqn enqinenr ! 


Palmetto Molded Packings comprise a complete line that en- 
compasses every design need. Designed for you originally 

.. refined for you constantly...they are always abreast of 
latest mechanical developments. Make your choice—for better 
product performance: 


PALMETTO G.T® RING-—For use as static or 
dynamic seal in hydraulic or pneumatic service. Seals without 
extruding or spiraling at all pressures to 20,000 psi. Simplifies 
design... reduces machining operations... minimizes overall 
size of equipment. 




















PALMETTO PYRAMID® —the champion where a 
multilip seal is preferred: Rugged design offers plus service 
life when used as a rod, ram, plunger, or piston seal at high 
pressures. 


PALMETTO O-RING-« popular seal for low and 
medium pressures. Simplifies design—saves space. Also recom- 
mended for gasket applications. 


PALMETTO KUP ~—< popuiar piston packing available 


in a variety of fabrications to seal the standard or new syn- 
thetic fluids. More resistant to heat than leather... wiii not 
dry out in air. 


PALMETTO FLANGE —For rod packing in iow pres- 
sure service. Adaptable to reciprocating or rotary motion. Also 
used as dust seal. 


and the NEW improved 
T_C_Sf PALMETTO. U-RING 


cylinders made from commercial tubing honed up to .030 over nominal sizes. Same 
sizes available in synthetic or fabric construction permits interchangeability of 
packing in low or high pressure cylinders. ALLOWS STANDARDIZATION OF COM- 
PONENT PARTS...INCREASES EFFICIENCY... REDUCES FRICTION. ALSO RECOM- 
MENDED AS ROD SEAL. 
Solve your sealing problems with Palmetto Molded 
Packings. Avail yourself of special literature help- 
ful to the design engineer . . . Write 
for Manual MP-200 today. 


GREENE, TWEED & CO. worts wate, ra 












NOTEWORTHY 


Sreprrne SWITCH for automatic-control applica- 
tions consists of a series of figure-eights made of 
hollow tubing containing a globule of mercury as the 
contacting element. Tilting of the tubing back and 
forth by a solenoid causes the mercury to run around 
one figure eight for each oscillation. At the last 





Energized 
positions 
Release 2 
positions 
2 
' ' 
3 3 


Home position 





















position, the switch may be tilted to cause the mer- 
cury to flow back to the starting position. Reverse 
flow of the mercury is prevented by mounting the 
assembly so the tubing behind the globule is always 
uphil. Patent 2,677,031 assigned to Automatic Elec- 
tric Laboratories by D. N. MacDonald. 


Aromatic BACKLASH TAKEUP for instru- 
ment gears is provided by a coiled res*re ‘ning spring 
in conjunction with a friction clutch assembly. Pres- 
sure of mating gear teeth is assured by the coiled 
spring; one end is fixed to the driven gear, other 
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is mounted on a friction disk. Upon rotation of the 
driven gear, the spring is wound up. Additional re- 
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volutions rotate the friction clutch assembly per- 
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Noteworthy Patents 





mitting the entire spring to rotate with the gear. 
Thus, gear tooth pressure may be maintained over an 
unlimited number of rotations of the gear drive rather 
than limited by the length of the spring. Patent 
2,679,167 assigned to Kollsman Instrument Co. by 
D. B. Nichinson. 


Maeneric FLUID COUPLING for constant- 
torque drives is controlled by a permanent magnet. 
Two magnetizable disks mounted on a hollow drive 
shaft comprise the driving element. Power is taken 
off the outer case which is driven through magnetic 
fluid in the space between the two disks. Magnetic 
flux between the driving disks is controlled by a bar- 
shaped permanent magnet fitted to slide axially in- 
side the hollow drive shaft. Minimum torque is trans- 
mitted when no magnetic flux passes passes between 
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the disks to magnetize the fluid particles. This con- 
dition exists when either the north or south pole of 
the bar magnet is in a position to magnetize each disk 
in the same polarity. Maximum torque output occurs 
when the disks are magnetized in opposite polarities, 
which results in maximum flux between the disks 
and “freezes” the magnetic fluid particles. Torque 
transmitting characteristics of the clutch can be 
varied smoothly from maximum to minimum by 
moving the bar magnet back and forth. Patent 
2,671,545 assigned to Stewart-Warner Corp. by M. 
Petroff. 


Quick DISCONNECT COUPLING for radio or 

instrument indicator shafts consists of a pin and disk 

arrangement. It can be locked in either the engaged 
(Continued on Page 326) 
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PLUS/ VALUES 

SCONSIN 
Hir=Cooled- 
ENGINE POWER 


Wisconsin Heavy-Duty Air-Cooled Engines offer the 
design engineer, power equipment manufacturer and 
the ultimate user the cumulative benefits of many years 
of exclusive specialization in the heavy-duty air-cooled 
engine field. 








The completeness of the line, com- 
prising 12 models in 4-cycle single 
cylinder, 2- and 4-cylinder types and 
sizes ranging from 3 to 36 hp., pro- 
vides close selectivity to fit your 
equipment and its service applica- 
tions without power waste, yet re- 
taining maximum power advantage. 
The benefits of “Wisconsin Stand- 
ardization” on a variety of types 
and sizes of your own original equip- 
ment can be important to you. Some 
of the “Plus Values” of Wisconsin 
Power include: 





Alodels ABN, AKN, 
AEN, 4-cy. single cyl., 
3 to 8% hp. 


Models AFH, AGH, 
AHH, single cylinder, 
6 to 9 hp. 


Models TE, TF, TFD 
2-cylinder, 7 to 15 hp. 


Ps 


V-type 4-cylinder 
_15 to 36 hp. models. 


WISCONSIN MOTOR CORPORATION 


A 


Heavy-Duty engineered design and con- 
struction in all details; self-cleaning, file- 
hard tapered roller bearings at BOTH ends 
of the crankshaft; an easily accessible 
rotary type, high tension OUTSIDE Magneto, 
equipped with Impulse Coupling for quick 
starts in any weather, at low cranking 
speed; pump circulated splash lubrication 
on smaller models and geared oil pump 
delivering individual oil stream to each 
rod on multi-cylinder models, plus efficient 
AIR-COOLING at temperatures up to 140°. 


All this adds up to efficient Power Per- 
formance, Long Engine Life and Low-Cost 
Maintenance . . . factors of vital impor- 
tance in relation to the operation of your 
original equipment. 
> * * 

Our Engineering Department will 
be glad to cooperate with you in 
adapting Wisconsin Engines to your 
equipment. Complete your data files 
with a copy of our 64-page “Blue 
Book”, Form S-150, illustrating 
more than 250 Wisconsin Engine 
service applications, together with 
engine specifications. 











mosT tt 2 
H.PHOURS 


MILWAUKEE 46, WISCONSIN 
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CALL ON R/M ENGINEERING SERVICE 


HOW R/M CAN HELP IN BONDING FRICTION MATERIALS 


The bonding of friction materials to other mating 
members is an art. R/M has spent more years than 
any other company acquiring proficiency in it. 
Each successive job we've tackled has added to 
our knowledge of friction materials behavior. And 
trouble-shooting field trips—hundreds and hun- 
dreds of them—have familiarized R/M engineers 
with countless bonding problems. So the chances 
are good that if one is confronting you now, R/M 
has already solved it. 

R/M can bond to almost any type material. 
Steel is most frequently used. But R/M can also 
bond to aluminum, phosphor bronze, and fibrous 
materials. 

Unlike other manufacturers, R/M works with 
all kinds of friction materials—offers you the 


widest range in the industry. Consequently you 
can be sure of completely unbiased advice when 
you consult an R/M engineer. 

If you feel that friction-parts performance could 
be improved in your equipment, contact Raybestos- 
Manhattan now. All the depth and breadth of 
R/M experience—the complete facilities of R/M’s 
seven great plants with their research and testing 
laboratories—is as near as your telephone. 


Write for your copy of R/M Bul- 

letin No. 500. It’s loaded with prac- 

tical design and engineering data on 
all R/M friction materials. 


EQUIPMENT SALES DIVISION 


Raybestos-Manhattan, Inc. 

10 Northwest Highway 
Chicago 31, Ill. 
ROdney 3-2400 





SPECIALISTS IN 
SINTERED METALS, 


ke SS 
"ond Chach Facings 


ASBESTOS, RUBBER, 
ENGINEERED PLASTICS 


industrial Industrial and 


Fan Belts and Mechanical Pockings 
heulaber Hose and Gaskets Drive Belts Automotive Hose 
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FOR HELP IN SOLVING YOUR PROBLEMS 


hy 


R/M SUPER-POWER V-BELTS 


With R/M Super-Power V-Belts you obtain up to 40% 
greater horsepower capacity over the same number of regular 
V-belts. You can save space, as fewer belts are required. In 
addition, there is. virtually no stretch and practically no 
matching problem. Made with new high strength synthetic 
cords. Straight sidewalls provide more grip, less slip, longer 
life. R/M Super-Power V-Belts are also oil-proof, non-spark, 
and heat-resistant. Bulletin 6628 contains details. Of course, 
Condor V-Belts continue to be the standard for regular service. 


For booklet shown, or other data, 
write, phone or wire: 


MANHATTAN RUBBER DIVISION 
Raybestos-Manhattan, Inc. 
Passaic, N.J. 

Gregory 3-2000 








PACKINGS, GASKETS, “srestes Textiles and 


If you have a packing problem, don’t hesitate to call on R/M’s 
specialized packing engineering service. R/M has the right 
type of engineered packing or gasket sheet, no matter what 
you are sealing: -air, gas, water, steam, oil, solvents, foods or 
hydraulic fluids. Consult R/M also if your requirements call 
for asbestos textiles or ““TEFLON”’ products. Take full advan- 
tage of R/M’s many years of experience in all of these fields. 
Write for booklet on packings, gaskets and “TEFLON” 
products, 


*Du Pont’s trade-mark for its tetrafluoroethylene resin 


For booklet shown, or ether aata, 
write, phone or wire: 


PACKING DIVISION OR 
ASBESTOS TEXTILE DIVISION 
Raybestos-Manhattan, Inc. 
Manheim, Pa. 
Manheim 5-2211 





RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J.e Bridgeport, Conn. eManheim,Pa.e No. Charleston, S.C. « Crawfordsville,Ind. «Neenah, Wis.« Peterborough , Ontario, Canada 


Conveyor Rubber Lined ond Sintered Metal Asbestos 
Belts Covered Equipment Friction Elements Textiles 
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WRENCH puLls 
screw AROUNO 


BRISTOL'S MULTIPLE-SPLINE 
SOCKET SETano CAP SCREWS 


SEE HOW GEAR-LIKE TEETH in Multiple-Spline Socket enable 
wrench to pull screw around. No expanding pressure — all 
wrenching force is translated into rotary motion. Result: faster 
assembly, tighter wrenching for greater holding power. Bristol's 
Multiple-Spline Socket Screws can be wrenched thousands of 
times and never break or round out at high torque. 


BETTER TWIST in socket 
screws — from elementary 
engineering principle 


We're talking about the multiple-spline — you probably 
discussed it in your first year at engineering school. 

It was this age-old principle, recognized as one of the 
best means of transmitting rotary power (used on auto- 
mobile drive shafts, rear axles and airplane propeller hubs, 
for example), that Bristol’s design engineers thought of 
when they set out to build a better socket screw. 

Here’s what they discovered: internally splining the 
socket of an ordinary socket screw produced a screw that 
would never split or round out, yet have more “wrencha- 
bility” and hold tighter than any other screw. 

That’s the story behind the Bristol Multiple-Spline Socket 
Screw — now used wherever shock and severe vibration 
exist . . . wherever a better socket screw is needed. 

If you're not already familiar with these extra-strong 
fasteners, we'll be glad to mail samples to you. Tell us the 
size and type you want (Bristol’s Multiple-Spline Socket 
Screws are made in sizes from No. 0 wire to % inch — 
cap and set). A412 


~ HW oT [S$ SOCKET SCREWS 


THE BRISTOL COMPANY, Socket Screw Division, Waterbury 20, Conn 








Noteworthy Patents 





(Continued from Page 323) 


or disengaged position by means of grooves in the 
shaft and a specially mounted detent spring. Pulling 
the knob out disengages the drive and locks the shaft 
in the disengaged position. Conversely, the shaft is 
locked in the engaged position when pushed in. Dis- 








SS 
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connection of the drive is possible without disturbing 
the angular position of the drive shaft. Components 
driven by the shaft may be removed from the chassis 
vithout disassembling the indicator mechanism. Easy 
engagement and operation are possible despite slight 
angular misalignment between the drive and driven 
shafts. Patent 2,684,142 assigned to Hoffman Radio 
Corp. by L. A. Willyard and J. W. Daniels. 


"Two-way OVERRUNNING CLUTCH utilizes 
rollers subjected to wedging action. Clockwise rota- 
tion of a hollow cylindrical driven member locks a 
set of rollers between the inner surface of the cyl- 
inder and flat surfaces of an inner driven shaft. 
Counterclockwise rotation wedges another similar set 
of rollers between the shafts to engage the clutch in 
that direction. Disengagement is controlled by pin 
stops set to actuate release fingers after a prede- 
termined amount of rotation of the driven shaft. 
Patent 2,681,718 assigned to Protair Corp. by E. M. 
Stoner. 

















MACHINE DESIGN—February 1955 







































athe f 
; 
, 
’ es 
de 


cd 
PT \ e 


\ 


e Any size 


e Any service 
e Any application 


e Horizontal 
or vertical 


e Always available 


FALK Steelflex Couplings save 
you money by prolonging the 
work-life of connected machinery 


Ever since the first Falk Steelflex Coupling was designed and 
built, more than thirty years ago, we have firmly held to these 
beliefs: 

1. Acoupling, to give fullest value, must do more than merely 
connect driving and driven machinery—it must protect the 
machinery and prolong its life. 

2. A coupling, to be truly flexible, must overcome the effects 
of shock and vibration, as well as shaft misalignment (see 
column at right). 


Proof of the soundness of these beliefs is furnished by the 
record. Many Falk Steelflex Couplings installed 10, 20, even 
30 years ago are still giving trouble-free service—still provid- 
ing maximum protection for the machinery they connect! 


A single basic type—the world-famous Type F—fills nine out 
of ten industrial application needs. Versatile, efficient and eco- 
nomical, it is always quickly available, in a wide range of sizes, 
regardless of your location. Write to Department 247 for en- 
gineering bulletin, including selection and dimension details. 


THE FALK CORPORATION, Milwaukee 8, Wisconsin 
MANUFACTURERS OF 


© High Speed Drives ®@ Marine Drives 

® Special Gear Drives © Steel Castings 

@ Single Helical Gears © Weldments 

®@ Contract Machining 


© Motoreducers 

© Speed Reducers 

© Flexible Couplings 
@ Shaft Mounted Drives ¢ Herringbone Gears 
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smothers shock 
and vibration 


The steel gridmember con- 
necting hubs fits snugly only 
at outer edges of tapered 
hub-teeth. As load increases, 
gridmember flexes against 
teeth in proportion to load, 
providing cushion that 
spreads peak loads over 
longer time increment and 
reduces stresses in ma- 
chinery. 


.-- Accommodates 
shaft misalignment... 
Permits free end float 


The exclusive FALK aill- 
steel grid-groove design 
provides compensation for 
parallel and angular shaft 
misalignment . . . permits 
free end float. 


eet “e I 








ANGULAR MISALIGNMEN1 


. 


B 


PARALLEL MISALIGNMENT 


FREE END FLOAT 


Special or Dual Purpose FALK Steelflex 






LIMITED SPACE 
Type FS 


Vay 





HIGH SPEEDS 
Types H and HH 


OVERLOAD CONTROL 
Type FT 





FLOATING SHAFT 
Type PP 








Couplings tor problem applications 





RAPID REVERSING 
SERVICE—Type CM 





BRAKEWHEEL SERVICE 
Type BW 





EXTENDED SHAFT 
Type P 


Do you have a 

coupling problem? 
If so, describe it in writ- 
ing—we will gladly rec- 
ommend the proper Steel- 
flex coupling for your 
needs. Write to Depart- 
ment 247. 





«+-a@ good name in industry 
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FLUID CONTROL SPECIALISTS 
can solve your problem with all types and sizes 
e Standard Types @ Special Designs 


for high vacuum conditions, high pressure 
conditions, and corrosive fluids 





| TEST & LABORATORY EQUIPMENT | Ncedic valves 


Y with chrome or nickel finish; quick-opening valves 
for stopcock service; ball-type check valves in brass 
and stainless steel; high vacuum valves in toggle 
style, packless and needle types. 











CORROSIVE FLUIDS | Needle valves and tog- 

Y gle valves in several types of stainless steel; needle 
valves made from other alloys; aluminum, Monel, 
carbon steel; packless valves of diaphragm and 
bellows types in several alloys. 








Y | INSTRUMENT AIR LINES | Needle valves for di- 

rect panel mounting; toggle valves for on-off 
service with colored plastic handles for quick 
identification; valves for use with tube fittings. 








| SPECIAL DESIGNS | In many cases, our engineers 
can adapt standard valves to equipment manufac- 
turers’ special requirements. 


Write for the Hoke Catalog 


This completely illustrated 68 page catalog contains 
specifications on needle valves of all sizes as well as 
toggle valves, packless valves, special purpose valves, 
fittings and accessories. Tell us about your problem and 
we will gladly send you a copy of the catalog with our 
specific recommendations. 


HOKE | 
INCORPORATED | 


Fluid Control Specialists 
191 S. DEAN STREET, ENGLEWOOD, N, J. 
a ee ee he eee ee ee 





Metalworking 


Horizontal Broaching Machine: Designed to broach 
boring bars up to 8 in. in diameter and up to 14 in. 
square, any length, horizontal broaching machine is 
readily adaptable to many other precision broaching 
applications, especially those where internal broached 
surfaces must be located in parts with irregular out- 
side contours. Machine base is of I-beam construction. 
Follower and pull-head of the ram are of fixed-in-line 
centers and are guided on hardened and ground steel 
ways. Work table, which is raised or lowered to suit 
operation in line with fixed center of machine, can 
also be rotated to any position up to 45 deg. Broaches 
are guided and held in position to any angle required 
by the follower. A floating puller, of ball and roller 
bearing construction, allows succeeding passes to 
float accurately into position, or it can be locked 
rigidly. Sturdy Broaching Service, Detroit, Mich. 


Pin Cutter: High-speed machine cuts pins from %& 
to 3/16-in. diameter wire in lengths from 7/16 to 
4%, in. at speeds from 18,000 to 75,000 per hour. Ac- 
curacy of length is held to + 0.0025-in. Ends of 
pins do not require deburring. Driven by a 3-hp 
electric motor, machine has a straightening arbor to 
straighten the stock as it enters, and an adjustable 
micrometer stop for length. It can be changed from 
one size wire pin to another in 10 minutes. L. R. 
Brown Mfg. Co., New Haven, Conn. 


Punch Press: Designed for multiple and maximum 
stamping production and drawing up to 6-in. stroke, 
50-ton Multi-Max punch press has 16 by 36-in. bed 
area. Ram area is 10 by 36 in.; shut die height, 10 
in., with maximum shut die height to order, 24 in. 
Press operates at speed of 70 strokes per minute. 
Ram adjustment is 2 in. Press is of straight-side, 
twin-column design, underneath double-crank drive, 
back geared with herringbone heat-treated alloy steel 
gears. Clutch equilibrator and balance provides easy 
clutch engagement and disengagement and prevents 
falling of the ram with the use of large and heavy 
dies. Diamond Machine Tool Co., Pico, Calif. 


Solid Die Header: Double-stroke header is built 
in both long and short-stroke models, the crankshaft 
throw being the only difference in construction. 
Long-stroke machine produces both long and short 
work at the rate of 80 blanks per minute. Maximum 
blank capacity is equal to a blank %4-in. in diameter 
and 6 in. long under the head. Maximum length ‘of 
wire cutoff is 8 in. Short-stroke machine operates 
at a rate of 100 blanks per minute, the maximum 
blank capacity equal to a blank of 4-in. in diameter 
and 3% in. long under the head. Maximum length 
of wire cutoff is 544 in. Wire is fed from coil by a 
positive roll feed to the cutoff, which consists of a 
pair of thick blades held in slides. Wire blanks are 
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For many end product uses B&W Mechanical Tubing 
—carbon, alloy or stainless—is already semi-finished. 
Finish machining is often the only manufacturing 
step involved, 


The simplicity with which B&W Mechanical Tubing 
is integrated into many different manufactured 
products is evident because B&W tubing is pro- 
duced with the particular end use application in 
mind. Users of B&W Mechanical Tubing therefore 
benefit from reduced handling costs, machining 
time and scrap loss. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 
Beaver Falls, Pa., Milwaukee, Wisc.: Seamless Tubing, 
Welded Stainless Steel Tubing 
Alliance, Ohio: Welded Carbon 


TA-4079(M) 


as a semi-finished part 





These and other advantages combine to effect over- 
all savings in time, men, money and machines. For 
help in making a better product more economically, 
write for Bulletin TB-340, “‘A Guide to the Use of 
Seamless Mechanical Tubing,” and Bulletin TB-361, 
“Design Economically with Mechanical Tubing.” 
Or get in touch with Mr. Tubes—your link to BkW 
—who represents your local B&W tubing distributor, 
B&W ’s district sales offices across the nation, and 
the B&W headquarters technical staff. He can help 
you match tubes to jobs to save you time and money. 
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MULTI-CIRCUIT 


5 Amp., 250 Volts, A.C. or D.C. 
TWO TO TWELVE POLE—POLARIZED 





Industrial 
Automatic Press 
Soane 2 and Tool Control 
Applications 


















Wherever the modern trend toward automation requires 
fully automatic product and process control, R&S Ever-Lok 
multi-circuit plugs, receptacles and connectors provide a 
happy ending for cord connecting problems. These rugged, 
dependable automatic-locking multi-circuit devices are qual- 
ity engineered to carry full-rated load currents safely and 
easily under the most severe operating conditions. 


Write for Sales Data Sheet 1355-72 


RECEPTACLES -PLUGS -CONNECTORS 



















AND 








CONTROL EQUIPMENT hi 


@ R&S Ever-Lok complete lines are available from Midget type 
10 amperes to 200 amperes heavy service types... standard 
or reverse service ... fused and non-fused types. 


C15 
RUSSELL & STOLL COMPANY, INC. + 125 BARCLAY STREET, NEW YORK 7. N.Y 


RUSSELL & STOLL 


PRECISION-BUILT ELECTRICAL EQUIPMENT—SINCE 1902 
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then transported from the cutoff slides to the head- 
ing die by an independent transfer mechanism. After 
being headed, blanks are ejected from heading die 
by a knockout mechanism. Punch knockout, timed 
ejector and knockout relief mechanisms can be sup- 
plied for heading special shapes. Waterbury Farrel Ff 
Foundry and Machine Co., Waterbury, Conn. 


Wire Straightener and Cutter: Square or hex wire, 
j'¢ to %4-in., or flat wire ,, x 14 in. to 4, x Y-in. is 
straightened and cut automatically on model 2ABF 
Shuster straightener. Multiple sets of precision 
straightening and feeding rolls handle the wire easily 
and uniformly. Instantaneous clutch and cut-off as- 
sures accuracy in cutting predetermined lengths of 
wire. Machine incorporates ball and roller bearings, 
V-belt motor drive and automatic controls. Mettler 
Machine Tool Inc., New Haven, Conn. 























Processing 


Descaler: Hydra-Jet descaler removes scale from 
the surface of hot steel bars and billets which have 
been heated preparatory to forging or hot pressing. 
Oil hydraulics are employed to actuate a compound 
piston which instantly pressurizes water up to 2000 
psi. The pressurized water is free of air inclusions 
and is directed to the hot metal surface through a 
cone ring orfice in an inverted spray cone pattern. 
Dense spray of water directed over a small area re- 
sults in minimum temperature drop in the hot metal. 
Forging temperature can be closely controlled. Scale 
removal is complete, and the finished product has a 
surface free from scale pits. Less than one quart of 
water is required to descale 18 inches of a 3-in. bar. 
Capable of handling stock up to 3 in. in diameter, the 
machine occupies 2 x 12 ft of floor area. It can be 
supplied for either push-back or push-through type 
operation and with controls which are manual, auto- 
matic or a combination of both. Commercial Shearing 
& Stamping Co., Youngstown, O. 


Fluxless Solderer: New model of Sonobond, ultra- 
sonic equipment for fluxless soldering of aluminum, 
copper, brass, silver and magnesium, consists of an 
ultrasonic generator, heating platen and a hand-op- 
erated soldering head. Model No. S-3-H-54-11 is 
adapted to hermetic sealing, electrical wire joining 
and other moderate-size work. It accommodates sold- 
ering tips from 3/16 to 5/16-in. diameter. It will tin 
aluminum in 3 to 5 seconds. Aeroprojects Inc., West 
Chester, Pa. 


Die-Casting Machine: Model HP-212X-SF is de- 
signed to cast up to 6%¢ lb of aluminum or propor- 
tionate weights of magnesium or brass. In the shot 
assembly, machine provides 21,000 psi maximum 
pressure on metal. Both shot speed and pressure 
are adjustable. Two fixed shot positions are pro- 
vided. Four hundred tons of preload clamping is 
made possible by one-piece alloy steel frame with 
beam area equal to 6%%-in. tie bars. This frame 
also assures permanent parallel alignment of the 
platens. Die opening is 12 in. Movable platen is 28 
in. wide, with a vertical clearance between the beams 
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New Machines 





of 26 in. An 18% x 525% in. opening in the top of 
the frame provides accessibility to die space from 
all sides. Pumping system of the machine uses a 
20-hp motor and includes a 2000-lb booster pump. 
Timed casting ejection is provided by the central hy- 
draulic ejector. Lester-Phoenix Inc., Cleveland, O. 


Gear Surface Hardeners: Two new gear surface 
hardeners have sensitive electronic controls. Oxyacet- 
ylene flames traverse each tooth separately; a sen- 
sitive radiation pyrometer focused on the tooth re- 
ceives radiant energy from the hot metal and an 
electronic balancing mechanism translates that energy 
into forces which control the travel of the burners 
along the tooth. Operation is automatic after opti- 
mum hardening temperature has been preset and the 
machine has been started. In normal operation, ma- 
chines are indexed so that the teeth hardened suc- 
cessively are not adjacent, eliminating the possibil- 
ity of a change in bore diameter during hardening. 
Machines are readily adaptable to surface hardening 
teeth of straight bevel, spiral bevel, Zerol, spur, her- 
ringbone, or helical gears. Model No. 1 accommo- 
dates bevel gears up to 24-in. pitch diameter, spur 
and helical gears up to 30-in. pitch diameter, and in- 
ternal gears up to 24-in. OD. The No. 2 machine can 
be used for gears up to 120-in. pitch diameter. 
Gleason Works, Rochester, N. Y. 


Testing and Inspection 


Spring Tester: Designed for fast, accurate testing 
of tension, compression or leaf springs, new spring 
testers can also be used for checking the force re- 
quired to engage or disengage mating subassemblies 
and components. They determine correct loads, toler- 
ances and gradients. Design employs rigid levers, 
damped oscillation and automatic chart indication of 
spring force by means of a self-compensating pendu- 
lum weight with a sturdy arbor press type arrange- 
ment for applying spring loads. Two models, with 
maximum force capacities of 15 and 50 Ib, will ac- 
commodate springs up to 3 in. in diameter and 12 in. 
long in compression. A locking device is provided for 
presetting spring length when testing a quantity of 
springs of the same length. Wide range of standard 
models is available with sensitivities from 14-gram. 
Pennsylvania Scale Co., Bareville, Pa. 


Gear Classifier: 3-Way classifier separates gears 
into acceptable, salvageable and nonsalvageable cat- 
egories. Classification is based on any one or a com- 
bination of the following gear sizing factors: under- 
size, oversize, correct size, eccentricity, and plus or 
minus helix angle. Conveyor type classifier handles 
wide-face and cluster gears. Gears enter from the 
left side on a continuous belt conveyor with gear face 
perpendicular to the line of conveyance. When a dis- 
crepancy in a gear occurs, the unit’s master gears 
provide the signal source that actuates the corres- 
ponding rejection gate, and the gear is swept into 
the salvageable or nonsalvageable chute. Classifier 
will turn off a gear-producing machine if it makes con- 
sistent errors. Michigan Tool Co., Detroit, Mich. 











how ALMO hydraulic 
control manifolds 


contribute to better 
machine design 


Almo manifolds elimi- 
nate tubing and piping 
— costly to install and 
service and subject to 
mechanical failures. 
Flow lines are routed in plates which are 
brazed together into a failure-proof panel with 






Colonal “RU” model pull- 
up broaching machine. 






Peak capacities up to 
140,000 pounds. 


Strokes up to 72”. 


Hydraulic system de- 
signed with 1,000 P.S.I. 
capacity. 









all controls mounted conveniently on the face. 
Send a print of your hydraulic circuit. Let us 
prepare a proposal, no obligation. 


Let us supply 
complete — 
information 


liele) i 










4 ~ <= : 
COMPANY 


11470 Kaltz 
Centerline, Mich. 






A WORTHINGTON-GOODYEAR ENGINEERED DRIVE 


WORTHINGTON MULTI-V-DRIVE takes heavy shock loads on this wet-pan that crushes huge lumps of clay. 


Belts hold as machine crushes 120-Ib lumps 


Worthington Multi-V-Drive solves 
critical drive problem 


Driving a machine that crushes, mixes and tempers cruae 
clay is a real workout for any mechanical power transmission 
setup—especially with lumps weighing as much as 120 pounds. 

After two years of this heavy-duty operation, not one belt 
has been replaced on this wet-pan. And there’s no noise, slip- 
page of belts on sheaves, and no resulting power loss. Because 
of this fine record, Worthington Multi-V-Drives, with QD* 
sheaves and Worthington-Goodyear V-belts, will be installed 
on other wet-pan pulverizers. 

, Find out how this Worthington-Goodyear drive team can 

mer pay off for you, too. Write us. Worthington Corporation, 

SMOOTH, NON-SLIP DRIVE for this wet-pan is provided by Section MV.4.5, Oil City, Pa. *Reg.U.S.Pat.Off. 
Worthington QD sheaves and Goodyear V-belts. 


WORTHINGTON 


SSS. i ee 
HNN. ASS 


SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


Compressors ° Pumps * Multi-V-Drives ° Variable Speed Drives 


MV.4.5 


MACHINE DESIGN—February 1955 





